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Executive Summary
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This

describes
Development ofmedium surface combatant (MS@y the United

report the Concept Exploration
States Navy.
semester ship design course at Virginia Tech.
TheMSCrequirement is based anh e  dlraquiredent for
an agile and flexible ship that is able to handle many missions
one hull form. The MSC requirement dictates that the ship h

reduced manning but combines the capabilities of several differe|

andvarious components of the combat system, and whether the suite of
combat systems currently embarked is adequate, overstated, or
This concept design was completed in a twdacking.

types of ships. This ship will be largsough for independent

operations yet still capable of stationkeeping with a fleet. In Draft

word the ship must be versatile.
Concept Exploration tradeff studies and design space

exploration are accomplished using a M@thjective Genetic

Optimization (MO@®) after significant technology research and

definition. Objective attributes for this optimization are cost, ris

(technology, cost, schedule and performance) and militar]

effectiveness. The product of this optimization is a series of cogEndurance Speed

risk-effectiveress frontiers which are used to selatternative

designsand define Operational Requirements (ORD1) based on t
customerds preference for cos

The MSC is a somewhat risky alternative that was selectg®ropulsion and Powel

after the MOGO, however itis also at the high end of
effectiveness. The risk stems largely from the wave piercin

tumblehome hullform and its departure from the normal

conventions of ship design. However this hullform offers

significant stealth advantages by reducing radar sesson due
to the angled hull. This ship offers powerful radars and a

effective combat system for area air or ballistic missile defense,

well as a heavy gun for naval surface fire support. The MSC alj

offers plenty of modular mission space to givéhe flexibility to
perform a whole host of different missions.

Ship Characteristic Value |
WL 192.3m
Beam 23.06m
7.21m
D10 16.13m
Lightship weight MT
Full load weight 18,298MT
SustainedSpeed 33knots
20knots
Endurance Range 8420 nm
€ , IPS
L, risk and ef{get0qdbmwa)
PMM
2 x 5 Bladed Bseries Props
BHP 144,000kW
Personnel 112
IOMOE (Effectiveness 0.7795
OMOR (Risk) 0.5489
Ship AcquisitionCost $2,38M
Life-Cycle Cost $26,83M

Concept Development included hull form development an
analysis for intact and damage stability, structural finite elemen
analysis, propulsion and powersystem development and
arrangemeiy general arrangementsmachinery arrangements,
combat systentefinition and arrangemenseakeeping analysis,

cost and producibility analysis and risk analysis. The final concept

design satisfies critical operational requiremanttie ORDwithin
cost andrisk constraints with additional work required @asure
that the stability of a wave piercing tumblehome hull is adequatel

Combat Systems
Modular and Core)

y

64 MK 57 PVLS
4x4 Modular VLS
MK 45 50
3 x CIWS
2 x LAMPS
2 x 7 m RHIBs
VSR++
SPY-3 Radar
BMD 2014

GL

NS

approximated by a linear seakeeping program. Further iteratio

of this design will also determine the tradeoffs for exchanging
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1 Introduction, Design Process and Plan

1.1 Introduction

This report describes the concept exploration and development of an Medium Surface Combatant (MSC) for
the United States Navy. The MSC requirement is based on the MSC Initial Capabilities Document ftCD), a
Virginia Tech MSC Acquisition Decision Memorandum (ADM), Appendix A and Appendix B. This concept
design was completed in a tvgemester ship design course at Virginia Tech. The MSC must perform the
following:

A Provide flexible BMD, NSFS, strike, amdulit-mission capability through
modularity with different configurations of similar platforms. Full capabilities may
be provided in the coordinated force, in support of a larger force, or individually
with combinations of inherent multhission capabiligs and tailored modular
capabilities
Must be capable of performing unobtrusive peacetime presence missions in an
area of hostility, and immediately respond to escalating crisis and regional conflict.
Operate in forward locations in international wateand readily move to new
maritime locations as needed

. A Will be among the first naval forces present in a region and will arrive with several
small er Littoral Combat Ships and MSCé6és and possibly

1.2 Design Philosophy, Process, and Plan

The design process will initially start with a broad range of possibilities outlined in the initial capabilities
document (ICD) in the concept exploration phase. Once these options have been investigated and mission
alternatives have been studied, theislen process will narrow the design space, requirements, and constraints of
the mission, and a more detailed development and analysis of systems and subsystems will be performed. This
process is illustrated iRigure 1.

CONCEPT CONCEPT
EXPLORATION DEVELOPMENT
NARROW XPAND
DESIGN SPACE DESIGN DETAIL
MYLTI-OBJECTIVE MULTL-DISCIPLINARY
GROBAL PERSPECTIVE FOCUSED PERSPECTIVE
DECISION

NARROW DESIGN
SPACE. REQUIREMENTS,
CONSTRAINTS

ADD SYSTEM, SUBSYSTEM
AND COMPONENT DETAIL

Figure 1: Design Philosophy

Figure 2 illustrates the concept exploration phase which focuses on searching the design space. The mission
details are characterized by the Initial Capabilities Document (ICD) and Acquisition Decision Memorandum
(AMD). From these documents, the Required Openatid Capabilities (ROCO6s) and M
( MOPb6s) are developed. A synthesis model is used to b
analyze the tradeffs associated with each design. An Overall Measure of Effectiveness (QMD/Erall
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Measure of Risk (OMOE), and total ownership cost are used as objective attributes in-@bjeciive genetic
optimization (MOGO). The synthesis models to allow them to analyze the countless alternatives more efficiently.
From this process, seral design alternatives are selected for continued development and investigation. The ship
acquisition decision, specified in a Capability Development Document establishes the ship concept baseline design,
and identifies the selected technologies.

MOPs | Effecjve:ess Cost Model Production
Model Strateqy
I l
h

Initial DvVs Syninesis DOE - Variable MOGO Optimization
Capabiliies [—m ADM/AOA ¥ ROCs - Define Design Model Screening & 9 Search Design |y  Baseline
Document Space Exploration Space Designs(s)
Feasibility
g Response Analysis

Technologies || Risk Model | nvsics Based Surtace ’

Models =
Modeals 'T
.
Ship
Acquisition

Data Decision

Concept and

Development

Document

L | Expert Opinion

Ship Concept
Baseline
Designis)

Requirements
Exploration

Technology
Selection

Figure 2 - Concept and requirements exploration process(Brown 2009)

Figure 3 represents the design spiral for concept development for the MSC. This recurring process
demonstrates a cyclical method of progress for the design. A single iteration will be performedinjétt due
to time constraints.
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/ ‘ Fequirement ‘ \

‘ Hull Geomnetry ‘ ‘ Cost and Effectiveness |
‘ Eesistance and Power ‘ ‘ Beakeeping |

‘ X

| Weights and Stability |

‘Mechanical and Electrical‘
P \ 4

‘Manning and Automation | ) ‘ Structures |

N /

‘ Subdiv, Area and Volume‘ ‘ Greneral Arrangements ‘

‘ Machinery Arrangements ‘

Figure 3 - VT Concept Development Design Spiral (Brown 2009)

1.3 Work Breakdown

MSC Teaml consists of six students from Virginia Tech. Each student is assigned areas of work according to
his orher interests and special skills as listedablel. This allows the students to concentrate on a particular area
of the design process.

Table 1 - Work Breakdown

Name Specialization
Eric Schmid Feasibility, Cost, Risk, Seakeeping
Mathew Newborn Writer, Effectiveness
Conner Sherin General Arrangements, Machinery Arrangeme
Steven Wright Hull Form, Structures, Combat Systems
Mark Pelo Weights and Stability, Subdivision
Kevin Byers Propulsion and Resistance, Electrical, Manning
and Automation

1.4 Resources

Computational and modeling tools used in this project are listddhlibe 2. The software programs listed
below are used to quantify and create the concept design model of the ship. ASSET is used in concept exploration
for feasibility studies. Rhino and HECSALV will be important in defining the gérs@rangements of the ship
subsystems and performing hydrostatic calculations. The ship structural analysis will be performed by
MAESTRO.

Table 2 - Tools

I EWATS] Software Package

Arrangement Drawings| Rhino
Hull form Development| Rhino, ASSET

Hydrostatics Rhino, HECSALV
Resistance/Power NavCAD
Ship Motions SWAN

Ship Synthesis Model | SMP/Model Center/ASSET
Structure Model MAESTRO
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2 Mission Definition

The MSC requirement is based on the initial capabilities document (ICDYiegidia Tech MSC Acquisition
Decision Memorandum (ADM), Appendix A and Appendix B with elaboration and clarification obtained by
discussion and correspondence with the customer, and reference to pertinent documents and web sites referenced in
the following sections.

2.1 Concept of Operations

The concept of operations is based on the initial capabilities document (ICD) and the acquisition decision
memorandum (ADM). It describes what the ship will do. The MSC is expected to perform the following:
A Provide flible BMD, NSFS, strike, and mulinission capability through
modularity with different configurations of similar platforms. Full capabilities may
be provided in the coordinated force, in support of a larger force, or individually
with combinations of infrent multimission capabilities and tailored modular
capabilities
A It must be capable of performing unobtrusive peacetime presence missions in an
area of hostility, and immediately respond to escalating crisis and regional conflict.
A Operate in forwardbcations in international waters, and readily move to new
maritime locations as needed
A Will be among the first naval forces present in a region and will arrive with several
small er Littoral Combat Ships and MSCéds and possibly

2.2 Projected Operational Environment (POE) and Threat

The threat summary is an ongoing assessment of the threat in various areas around the world. It addresses
specific time frames, weapons systems, and other specific situations that could potentially affectitye milit
effectiveness of a naval ship. The following threats and environment are expected for MSC:

- Open water threats including land based air assets, surface vessels, chemical/biological
weapons, anship missiles

- Major threats including long arghort range ballistic missiles and other long range weapons

- Countries that support, promote, and perpetrate activities that cause regional instabilities
detrimental to international security.

- Degraded radar picture

Often the threat and projectedavptional environment are summarized together. The POE specifies the
environments in which a particular ship will operate, and the requirements it needs to operate in these locations.

- Fully operational in sea statesblSurvivable to sea state 9

- Defend fleet in aggressive defense in large range of international waters
- Littoral

- Hostile environments

- Shallow often crowded waters.

2.3 SpecificOperations and Missions

Mi ssion types define a parti culasemulple pupdsss, depehdemg i n t he
on the situation. Potential mission types for MSC are listed below.

Surface Action GroupSAG) Command/ Strike/ISR
Ballistic Missile Defense/ Independent Ops
Carrier Strike Group (CSG)

Expeditionary Strik&sroup (ESG)

Too o T I
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2.4 Mission Scenarios

Mission scenarios for the primary MSC mission types are provided in Table 3 through Table 5. Modularity
will be employed to modify ship configurations to best counter specific anticipations.

Table 3: Carrier Battle Group (CGB) Mission

BEVY Mission scenario
1-14 Leave homeport, rendezvous with Carrier Battle Group
14-40 ISR/ Escort CSG
34 Engage AntiShip Ballistic Missile threat against carrier
37 Launch cruise missiles at land target
50-55 Portcall for repairs and replenishment
57 Rejoin CBG
62-85 ISR/ Escort CBG
75 SAR of crew from damaged aircraft
76 Engage Submarine (ASW) w/ lamps
79 Depart CBG
80 Return transit to home port
90+ Port call/ Restricted availability

Table 4: Surface Action Group Scenario

Day Mission scenario
1-3 Transit with Ot Hostlity frehSf@asd bdse ar ea of
5-10 Patrol grid looking for launch of ballistic missile
11 Receive tasking for TLAM strike
12 Cruise to 25m offshore
27-29 Cruise to new grid
30 Sustain damage (radar down) due to SS9
31-44 Cruise back to port for repairs
32 Engage ASW

4560 Repairs

61-68 Transit back to area of hostility

69 Detect ICBM launch against homeland; engage and kill with KEI
70-71 Cruise to station, 35 nm offshore

72-73 Conduct recon with AAV

7577 Back to forward base
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Table 5: Expeditionary Strike Group Scenario

BEVY Mission scenario
1-20 Transit with other framkScbwasibatsco ar ea of h
4 Detect, engage and kill incoming astp missile attack
5-10 Patrol grid looking for launch of ballistic missile
11 Receive tasking for TLAM strike
12 Cruise to 25 nm offshore
1525 Patrol grid for launch of BM
26 Detect IRBMattack against ally, engage and destroy with&M
27-29 Cruise to new grid
30 Sustain damage (radar down) due to SS9
31-44 Cruise back to port for repairs
32 Engage ASW

2.5 Required Operational Capabilities

In order to support the missions and mission scenarios described in Sedtithre capabilities listed in Table
6 are required. Each of these can be related tdifurat capabilities required in the ship design, and, if within the

scope

of the Concept Exploration design space,

measured by explicit Measures of Performance (MOPS).

Table 6: List of Required Operational Capabilities (ROCs)

ROCs \ Description
AAW 1 Provide antiair defense
AAW 1.1 Provide areanti-air defense
AAW 1.2 Support area antir defense
AAW 1.3 Provide unit antair self defense
AAW 2 Provideanti-air defensen cooperation with other forces
AAW 5 Provide passive and soft kill ardir defense
AAW 6 Detect, identify and track air targets
AAW 9 Engage airborne threats using surfa@@ir armament
AAW 10 Provide Area BMD
AAW 11 Support ICBMD
Conduct day and night helicopter, Short/Vertical Fakeand Landing and airborne autonomous
AMW'6 vehicle (AAV) operations
AMW 6.3 | Conduct allweather helo ops
AMW 6.4 Serve as a helo hangar
AMW 6.5 | Serve as a helo haven
AMW 6.6 | Conduct helair refueling
AMW 12 Provide air control and coordination of air operations
AMW 14 Suppqryconduct N_aval Surface Fire Support (NSFS) against designated targets in support of
amphibious operation
AMW 15 Provide air operations to support amphibiopgrations

t

he

s |
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ROCs | Description
ASU 1 Engage surface threats with astirface armaments

ASU 1.1 Engage surface ships at lorange

ASU 1.2 Engage surface ships at mediumgan

ASU 1.3 Engage surface ships at close rafmen)

ASU 1.4 Engage surface ships with largaliber gunfire

ASU 1.5 Engage surface ships with mediealiber gunfire

ASU 1.6 Engage surface ships with minor caliber gunfire

ASU 1.9 Engage surface ships with small arms gunfire

ASU 2 Engage surface ships in cooperation with other forces

ASU 4 Detect and track a surface target

ASU 4.1 Detect and track a surface target with radar

ASU 6 Disengage, evade and avoid surface attack

ASW 1 Engage submarines

ASW 1.1 Engagesubmarines at long range

ASW 1.2 Engage submarines at medium range

ASW 1.3 Engage submarines at close range

ASW 4 Conduct airborne ASW/recon
ASW 5 Support airborne ASW/recon
ASW 7 Attack submarines with antisubmarine armament

ASW 7.6 Engage submarines with torpedoes

ASW 8 Disengage, evade, avoid and deceive submarines

CCC 1 Provide command and control facilities

CCC 1.6 Provide a Helicopter Direction Center (HDC)

Coordinate and control the operations of the task organization or functional force to carry out

ccez assigned missions

Cccc3 Provide own unit Command am@bntrol

CCC4 Maintain data link capability

CCC6 Provide communications for own unit

CCCo9 Relay communications

CcCccz1 Perform cooperative engagement

FSO 3 Provide support services to other units

FSO5 Conduct towing/search/salvage resoperations
FSO 6 Conduct SAR operations

FSO 7 Provide explosive ordnance disposal services
FSO 8 Conduct port control functions

FSO 9 Provide routine health care

FSO 10 Provide first aid assistance

FSO 11 Provide triage of casualties/patients

FSO 12 Provide medical/surgical treatment for casualties/patients

FSO 16 Provide routine and emergency dental care




MSC Designi VT Team 1

Pagel?2

ROCs | Description

INT 1 Support/conduct intelligence collection

INT 2 Provide intelligence

INT 3 Conduct surveillance and reconnaissance

INT 8 Processurveillance and reconnaissance information

INT 9 Disseminate surveillance and reconnaissance information

INT 15 Provide intelligence support for nmombatant evacuation operation (NEO)

LOG 1 Conduct underway replenishment

LOG 2 Transfer/receive cargand personnel

MIW 4 Conduct mine avoidance

MIW 6 Conduct magnetic silencing (degaussing, deperming)

MIW 6.7 Maintain magnetic signature limits

MOB 1 Steam to design capacity in most fuel efficient manner

MOB 2 Support/povide aircraft for ahlweatheroperations

MOB 3 Prevent and control damage

MOB 3.2 Counter and control NBC contaminants and agents

MOB 5 Maneuver in formation

MOB 7 Perform seamanship, airmanship and navigation tasks (navigate, anchor, mooring, sculttle, lif
boat/raft capacitytow/betowed)

MOB 10 Replenish at sea

MOB 12 Maintain health and well being of crew

MOB 13 Operate and sustain self as a forward deployed unit for an extended period of time during peg
war without shorébased support

MOB 16 Operate in day andight environments

MOB 17 Operate in heavy weather

MOB 18 Operate in full compliance of existing US and international pollution control laws and regulatig

NCO 3 Provide upkeep and maintenance of own unit

NCO 19 Conduct maritime law enforcememperations

SEW 2 Conduct sensor and ECM operations

SEW 3 Conduct sensor and ECCM operations

SEW 5 Conduct coordinated SEW operations with other units

STW 3 Support/conduct multiple cruise missile strikes
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3 Concept Exploration

Chapter 3 describes Concept Exploration. Traffestudies, design space exploration and optimization are
accomplished using a Mul@bjective Genetic Optimization (MOGO).

3.1 Trade-Off Studies, Technologies, Concepts and Design Variables

Available technologis and concepts necessary to provide required functional capabilities are identified and
defined in terms of performance, cost, risk and ship impact (weight, area, volume, poweroff siddies are
performed using technology and concept design parasneteselect tradeff options in a multiobjective genetic
optimization (MOGO) for the total ship design. Technology and concept trade spaces and parameters are described
in the following sections.

3.1.1 Hull Form Alternatives

The hull form is selected using transport factor methodology to identify alternate hull form types. The
important parameters in this selection are payload, cargo weight, required sustained speed and range. This method
uses the given design lanes for degre to guide hull form design parameter selection. An alternative to this
method is to use a parametric model which uses standard series or regression methods for resistance and sea
keeping calculations. The formula for calculating the transport facthiois below.

7= Wals _ Wis +Waier + Wogo W
SH Py SH Py

R
SEC SHE, 7 Vs

_ (Wis+ Woe o Vs + F

SHFE SHEq

TF

Wr = Full load weight of the ship

Wiz = Light ship weight

Wyt = Ship’s fuel weight

Wiease = Ship’s cargo or payload weight

Vz = Sustained speed

Vg = Endurance speed

SHPr; = Total installed shaft horsepower including propulsion and lift systems
R =TRange at endurance speed

SFCE = Specific fuel consumption at endurance speed
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The projected characteristics of the MSC are based on mission and similar ships. This includes the need to
accommodate large and heavy major combat systems to exceed the capabilities of the DDG 51 class. The
characteristics include amge of 400G 8000 NM in major surface combatant operations operating with a CSG, a
SAG or independently. The sustained speed requirement-i83&nots and the expected displacement is in the
range of 8000 14000 MT. Taking all of these requiremerdgransport factor of 38 was calculated for a sustained
speed of 32 knots. Transport factor indicates that the hull form choice is a slender monohull.

The important characteristics of the hull are transport factor and capacity for a high degree ofitmodula
to allow for interchanging weapons systems and mission modules. The hull must be efficient incorporating a
bulbous bow and making space for large objects. There must be a helo deck with sufficient flight capabilities to
incorporate the S0 Seahawk swwell as various UAVs. Radar cross section will be reduced while making sure
that sea keeping is as robust as possible. All of this will be done while endeavoring to minimized cost. There are
tradeoffs between the WPTH and flared hullforms. A traditifineed hull form offers improved seakeeping over
the WPTH and affords a much drier deck area. However the WPTH offers significant advantages in reducing radar
cross section. In order to analyze both hull forms, different teams have been assignedl §guh HOur team has
been assigned the Wave Piercing Tumblehome Hull.

The final design space for our MSA hull form will be a wave piertimgblehomemonohull having the following
characteristics:

Displacemengapproximatelybetween 8000 and 14000 MT

Length of 160- 210 m

L/B: 7-10

L/D: 11-14

B/T: 2.93.2

Cp:.594

Cx: .893

Crd between 78

The hullform will be developed using ASSET and response surface mo@#fsets from a parent hull
will be used as a baseline. Response surface models will be made using ASSET working with Model Center.
These will be used to ultimately define which hull form is the optimum for the WPTH in this design.
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3.1.2 Propulsion and Electrical Machinery Alternatives

3.1.2.1 Machinery Requirements

Based on the ADM and Program Manager guidance, pertinent propulsion plant design requirements are
summarized as follows:

General Requirements The machinery requirements will be made by the customer, in this case the Navy. The
machinerymust be low risk and reliable as well as being certified for Navy use. The machinery of the ship must
meet or exceed the requirements of the Navy laid out in the remainder of this section.

Sustained Speed and Propulsion PoweiThe MSC will have a poweplant capable of producing power
alternatives across the-1@0 MW range. These will drive the ship at a required minimum speed of 30 knots using
no more than 80% MCR at full load. The goal will be 35 knots for the MSC. The ship must be capable of
operding at speeds conducive to operations with a carrier strike group or a surface action group.

Ship Control and Machinery Plant AutomatidnThe bridge of this ship will have an integrated bridge system

containing integrated navigation, radio and intedommunications, and ship maneuvering and control systems. It

will conform to the ABS guide for One Man Bridge Operated Ships. The ships machinery plant will be able to be
continuously monitored from the SCC, MCC, and Chief En:i

Propulsin Engine and Ship Service Generator CertificatioBecause of the criticality of propulsion and ship
service power to many aspects of the shi mackar,Mavg si on an
qualified, grade A shock certified, androply with the ABS ACCU requirements for periodically unattended

machinery spaces.

3.1.2.2 Machinery Plant Alternatives

During the concept exploration process the MSC design team will develop machinery general requirements
and guidelines and will then selecalle machinery alternatives based on these guidelines. We will develop an
alternative machinery hierarchy and gather and develop data on viable machinery alternatives. The ship systems
and machinery modules were updated consistent with the machinenatites and a machinery system trade off
will be performed as part of total ship synthesis and optimization.

The propulsors considered for the MSC wemo#ded propulsion units or 2 fixed pitch propellers. The pods
offer advantages in maneuverabilitydaflexibility in arrangements. However, the FPPs are a much more proven
design with much less inherent risk than the pods. One of the major considerations when discounting the pods as
an alternative is their susceptibility to shock damage caused bywatde explosions. This renders them very
vulnerable to torpedoes and mines, and let to them being ruled out as a design possibility for the p&@re
of the pods can be seen in Figure 4 below.

Figure 4. Podded Propulsor

The propulsion for this ship will be provided by 3 main engines with a range of 300 kW each. The
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power density required for this ship mandates the use of gas turbines because using diesel prime movers for this
type of power output would restuit excess weight for the power plant. While diesel engines are far more efficient

at part loads and require much less airflow than gas turbines, the power density of the gas turbines makes up for all
of the shortcomings of the turbines. The only gasitebthat have been certified for use by the navy are the Rolls
Royce MT30 and the GE LM2500+Another option for the prime moveis PEM fuel cells. They are the latest
technology and are very quiet and efficient. However these fuel cells have dgretgvel of technical risland

have never been used in a naval application and thus are too risky for this application. A picture of a PEM fuel cell
can be seen below in Figure These are pictured irigure5 andFigure6 respectively below.

Figure 5: Rolls Royce MT30

Figure 6: GE LM2500+
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Figure 7: PEM Fuel Cell

The electrical system for this ship will be Integrated Power System as mandated by the navy. It will have DC Bus,
zonal distribution, and advanced induction motors. This will provide arrangement and operational flexibility,

future power growth, and impved fuel consumption. Since the engines will not be mechanically connected to the
drive shaft, they will be able to be run continuously at their optimum speed. Images describing the components of
the IPS system as well as the distribution can be seew lieFigure8 andFigure9.
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Figure 8: IPS components
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Figure 9: IPS distribution in a ship

The generators and motors considered for this design were the Advanced Induction Motor and the Permanent
Magnet Motor. Both of these motors would work well in the MSC. Thé Bas a more proven technology and
has modern drives enable high efficiencies. The PMM is much smaller and lighter than the AIM. However, it is

unproven technology that is high risk and very expensive. Pictures of the AIM and PMM can beFgere kO
andFigurel1 respectively.

Figure 10: AIM
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Figure 11. PMM

The options for power combinations are shown beloWwahble7.
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Table 7: Power Options

PGM

Power Generation Module

1 =3 x LM2500+, AC Synch, 4160VAC
2 =2 xMT30, AC Synch, 4160VAC

3 =3 x MT30, AC Synch, 4160VAC

4 =3 x LM2500+, AC Synch, 13800VAC
5 =2 x MT30, AC Synch, 13800VAC

6 = 3 x MT30, AC Synch, 13800VAC

SPGM

Secondary Power Generation Mody 1 = NONE

2 =2 xLM2300 G, AC Synch, (DDG 1000)
3 =2 x CAT 3608 Diesel

4 =2xPC 2.5/1®iesel

5 =2 x PEM 3 MW Fuel Cells (NSWCCD)
6 =2 x PEM 4 MW Fuel Cells (NSWCCD)
7 =2 x PEM 4 MW Fuel Cells (NSWCCD)

PROP TYPE

Propulsion Type

Option 1) = 2 x FPP
Option 2)= 2 x Pods
Option 3) =1 FPP +SPU

PD TYPE

PowerDistribution Type

1=AC ZEDS
2 =DC ZEDS (DDG 1000)

PMM

Propulsive Motor Module

1 = (AIM) Advanced Induction Motor (DDG 1000)

2 = (PMM) PermandrMagnet Motor
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Finally, machinery data can be seen belowable8. This data was derived in ASSET.

Table 8 Machinery Data

Total Enduran Machine Machine Machine Basic Basic PGM
; ce Brake Endurance ry Box ry Box ry Box : Electric Inlet .
. PGM Propu‘IS|on Propulsi Propulsion Minimu Minimu Require Propulsi Machine and Numb Propulsi
Propulsio X Engine on on
n Option Optio BHP on SFC m m d Machiner y Uptak er of Engine
n P (k Power, SFCepe(kg/kw Length Height Volume y Weight Weight e Area PGMs Type
BPE‘V\IIVG)TOT Pbpenge hr) Lgreg(M Hugreq(M VMgéeq(m Wen(MT) Weme(M ApEE(m
nd (kw) ) ) ) m )
3xLM250
0+,
4160VAC, 1 78297 26099 0.226 17.21 7.78 7838 1074.4 1389.0 84.6 3 48
FPP
3xLM250
0+, 13800 2 78297 26099 0.226 17.21 7.78 6532 895.3 1157.5 84.6 3 48
VAC, FPP
4XLM250
0+,
4160VAC, 3 104396 26099 0.226 17.21 7.78 8998 1247.8 1404.0 112.8 4 48
FPP
4xLM250
0+, 13800 4 104396 26099 0.226 17.21 7.78 7498 1040 1170.0 112.8 4 48
VAC, FPP
2xMT30,
4160VAC, 5 72000 36000 0.213 16.50 8.00 6990 892.4 1380.7 81.0 2 72
FPP
2xMT30,
13800 6 72000 36000 0.213 16.50 8.00 5825 744 1151 81.0 2 72
VAC, FPP
3xMT30,
4160VAC, 7 108000 36000 0.213 16.50 8.00 8321 1062.9 1394.1 1215 3 72
FPP
3xMT30,
13800 8 108000 36000 0.213 16.50 8.00 6934 886 1162 121.5 3 72
VAC, FPP
4xXMT30,
4160VAC, 9 144000 36000 0.213 16.50 8.00 9652 1233.6 1410.0 162.0 4 72
FPP
4XMT30,
13800 10 144000 36000 0.213 16.50 8.00 8033 1028 1175 162.0 4 72
VAC, FPP

3.1.3 Automation and Manning Parameters

Over the life of a ship, manning is the largest single cost. The Navy spends 60% of its budget on manning;
30% of the direct operating cost of DDG51 is manpower. Manning is a significant driver of the size of a ship, as
crewmembers require more spacdive and work in than equipment does to operate. The manning of a ship also
determines to amount of stores required by the ship and a significant portion of the freshwater requirements.
Reductions in manning are also desirable to reduce the numbesob pem e | in harmdés way. Ma n |
are driven by three factors: watchstanding, maintenance, and damage control. To minimize the manning, these
three areas must be addressed early in the design of a ship.
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Automation refers to the use of compugtear machinery to reduce the manpower requirements for a task.
Automation can result in large reductions to the manning requirements for watchstanding and damage control.
Firefighting is a good example of automation reducing manning. Automated Hiie§igsystems can fight a fire
with extinguishing agents when smoke or excessive heat is detected. In addition to reducing the manpower needed,
the response time is also decreased, reducing the salvage requirements.

Similar to automation, remote sensingdeaoperation of equipment can also reduce the manning requirements
and the danger to the crew. The need for roving watches can be decreased by monitoring critical temperatures,
pressures, and other indications from the maneuvering compartment or tlee BRielgiote operation of valves and
pumps simplifies routine operations and reduces the possibility for error. Remote sensors built into equipment can
accurately monitor the level of wear and be used to predict maintenance requirements. Combinedmatioauto
for basic tasks, remote sensing can reduce the bridge watchstanding requirements by consolidating navigational
watches into the OOD/JOOD. At the extreme end, cameras, infrared, and radar can be integrated and displayed on
360° screens in the CICrqviding the exact same picture that is available on the bridge, but enhanced with sensor
data.

Besides automation and remote sensing, many other technologies can be used to reduce the manning
requirements. Communications technologies have advanced fwititewhere many specialists can be shore
based. Not only does shebasing reduce the manning onboard the ship, by having a squadron or group share
specialists, the fleet wide requirement and expense can be reduced-b&ingecan be applied to adisinative
and supply functions. Shelmsed simulators can be used to reduce the onboard time and personnel requirements
for training. GPS and digital charts simplify voyage planning and navigation, reducing the personnel requirements
in the Operations @épartment. Wireless communications reduce the requirements for phone talkers. New paints
and coatings can reduce the paint maintenance requirements by 50%, while also providing better protection for the
hull and higher resistance to fouling. Standatiiraof consoles and use of COTS equipment reduces training
time and maintenance costs. Maintenance schedules are developed for theasesstenario, and can often be
relaxed when the oefempo is low. Moving to conditicbhased maintenance from the mamt scheduled
maintenance reduces maintenance costs and manpower requirements by only performing maintenance when
required.

The fundamental disadvantage of reduced manning is an increase in risk. As watchbills are reduced, the
responsibilities of watchahders increase. Automation and other enabling technologies can relieve some of the
increased load, but not all. Automated equipment that can radically reduce manpower is typically untested and
unproven; otherwise it would already be in use. Failuraubdmated equipment may have consequences ranging
from a simple local override for an inoperative valve, to severe damage to the ship if automated fire detection
systems falil.

In concept exploration it is difficult to deal with automation manning redustéxplicitly, so a ship manning

and automation factor is used. This factor represent :
automation. The manning factorafo, varies from 0.5 to 1.0. It is used in the regression based manning
equaions shown inFigure 12. A manning factor of 1 .-@annedship.eAsship nds t o

manning factor of 0.5 results in a 50% reduction in manningimplies a large increase in automatioiihe

manning factor is also applied using simple expressions based on expert opinion for automation cost, automation
risk, damage control performance and repair capability performance. Manning calculations arenshigwre

12. A more detailed manning analysis is performed in concept development.

Figure12-i St andar do Manning Cal cul ati on

NT = 374.49+ 82.06 LevAutco6.09*MAINT+11.29*LWLCOmp59.85*LeVAut5
+2.08*PSYSLWLComp.147*PSY 3+8.52*LevAutéi .294*ASUWPSY SLevAuto
+.347* ASuw MAINT? .684*PSYS LWLComp .413*PSY SLevAuto CCCi

485 MAINT* CCC-LWLComp.210*CCC*LWLComp

3.1.4 Combat System Alternatives

CombatSystems alternatives provide to means to accomplish the missions of the ship. The alternatives are
grouped by these missions into AAir Warfare and Ballistic Missile Defense (AAW/BMD), ArBlurface
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Warfare (ASUW), AntiSubmarine Warfare and Mine Coannheasures (ASW/MCM), Modular Mission
(MMOD), Guided Missile Launch Support, Strike, and Naval Surface Fire Support (GMLS/STK/NSFS),
Command, Control, Communications, Computers, and Intelligerite &8d Helicopter operations (LAMPS).

3.1.41 AAW/BMD

The AAW/BMD combat systems detect, track, and manage airborne threats, both aircraft and ballistic missiles.
Table9 shows the options for AAW/BMD systems.

Table 9 AAW/BMD Combat Systems Options Table

Warfighting
System

Options

Option 1)SPY-3/VSR+++ DBR
Option 2)SPY-3/VSR++ DBR
Option 3) SPY3/VSR+ DBR
AAW/BMD Option4) SPY-3/VSR DBR

All Options: IRST, AEGIS BMD 2014 Combat Syste®IEWS, CIFFSD,
MK36 SRBOC with NULKA

The AN/SPY:3 Radar is an and radar designed to provide search, tracking, and fire control in high clutter
environments. >band radar has the narrow beam width, wide frequency bandwidth, and the gealtitime
propagation necessary to detect smalyjats in cluttered environments. The radar can provide the fire control
illumination required by the Evolved Sea Sparrow and the2SNt has long range-P search and limited volume
search capabilities. The radar is capable of tracking targets rafngmgsurface contacts, periscopes, and sea
skimming antiship cruise missiles to ballistic missiles.

The Volume Search Radar (VSR) provides long range volume search capability +Bamgl $adar. It can
track ballistic missiles and other targets D3t extreme ranges. While theb&nd radar cannot track small
targets in cluttered environments as théatd, it offers superior propagation loss over long range, is not affected
by weather, and can use a more powerful aperture to track long range taigetgSR capability is dependent on
its size, larger radars give better performance. Even the smallest VSR option draws enormous amounts of power,
and requires large glycelater cooling systems; higher performance requires proportional increases eén, pow
weight, and aperture sizes.

The SBand VSR and the ;Band SPY¥3 together make up the Dual Band Radar (DBR). Rather than being
two separate systems, the DBR uses two separate frequencies with the same resource manager. The system
seamlessly shifts thimgs between the two bands, resulting in greater flexibility and capability than previously
possible Figure13 shows the different capabilities of the DBR.
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The DBR can perform all of these functions simultaneously; many at either X-band or S-band.

Figure 13DBR Capabilities

The Centralized ID Friend or Foe (CIFSD) system is aemtralized, controller processbased, system that
associates different sources of target informatiBR and SSDS It processes all IFF sensaputs and correlates
them into on tracking picture.

Infrared Search and Track (IRST) detects heat signatures fromshgmttruise missiles. The system provides
bearing, elevation angle, and can give relative thermal intensity readings. The systdcally 8gt to scan within
a few degrees of the horizon, but can be set to search higher.

The MK36 SRBOC (Super Rapid Blooming Offboard Chaff) launches chaff or flares to defeat incoming
antiship missiles. The MK53 NULKA is a rocket propelled, active gettat is launched to defend against
incoming antiship missiles. It hovers over the water while attempted to deceive the incoming missile. The decoy
is effective when used by ships cruiser sized and smaligure14 shows the NULKA in flight.

Figure 14 NULKA in flight

The AN/SLY-2(V) Advanced Integrated Electronic Warfare System (AIEWS) provides electronic warfare
capabilities. Thesystem intercepts radiation, and provides direction finding, specific emitter identification, and
high probability of intercept information. The system also provides Radio Frequency and IR electronic attack
capabilities.

The AEGIS BMD 2014 combat systemtegrates and manages the DBR, GHIP, IRST, and AIEWS
systems. The AEGIS 2914 system can autonomously detect, track, and engage hostile aircraft and ballistic
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missiles. The system does not have a human operator, reducing reaction time and eliminzdimgerror. The
behavior of the radar system is determined by the tactical action officer.

3.1.42 ASUW

Anti-Surface Warfare combat systems provided protection from hostile surface targets. Hostile surface targets
encompass a broad range of vessels and capeilirom a modern destroyer to speedboats. Combat system
options for ASUW are listed imable 10.

Table 10 ASUW Combat Systems Options Table

Warfighting .
System Options
Option 1) AGS
Option2) MK45 MOD4 50/ 62 gun
ASUW Option 3) MK110 57 mm gun

All Options: 3x30mm CIGS, small arms and pyro lockers, FLIR, 1x7m RHIB, GF
SPS73 Surface Search Radar, Thermal Imaging Sensor System (Tl

The Advanced Gun System (AGS) i s -a00Qpsogramm It{s6apablé) gun
of firing guided rocket assisted rounds to ranges of 60 nm, with a CEP of 50m at 60 nm. The gun is capable of 10
rounds per minute, limited only by magaz capacity. The barrel is water cooled, and is concealed within the
turret when not firing, reducing the radar crgsstion of the gun.

The MK45 MOD 4 is a 50 62 caliber gun capable of eng.
firing unguided rounds. With the development of a guided rocket assisted round, its range could be extended to 60
nm. The MK45 is capable of firing 16 rounds per minute. The Naval Surface Fire Support capability of the gun is
limited by its relatively small skl and low range Figure15 shows a schematic of the MK45 MOD4, including the
below deck areas.
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The MK 11057mm fires a much smaller round at high rates of fire. It is capable of firing salvos at 220 round
It is capable of tracking high speed targets in heavy seas with servo controlleehwilieatriic

per minute.

systems. The MK 110 is suitable for engapsmaller craft that might be encountered in a littoral environment.
Figure16 shows the MK 110.

Figure 16 MK 110 57mm gun

The close in gn system (CIGS) is designed to intercept incoming missiles autonomously. It consists of a
30mm cannon mated to a ¥aand radar and FLIR system. When an incoming missile is detected, it fires at 4200

rounds per minute until the missile is destroyed.
Additional systems include rigid hulled inflatable boats (RHIBs) and small arms lockers. RHIBS provide small
boat capability. They can be used to transfer personnel, board suspicious vessels, recover a man overboard or put
special operations forces asho®mall arms lockers contain an assortment of rifles, shotguns, and pistols, as well



MSC Designi VT Team 1 Page?27

ammunition for deck mounted machineguns. Small arms are used for security while entering or leaving ports, and
can be issued in the event it is necessary to repel bearde

3.1.43 ASW/MCM

Anti-Submarine Warfare systems detect and engage hostile subsurface contacts. The Mine Countermeasures
Systems onboard a ship of this class are designed to detect mines to allow their avoiddied.l lists the
ASW/MCM combat systems options.

Table 11 ASW/MCM Combat Systems Options Table

Warfighting

System Options

Option 1)Dual Frequency Sonar Bow array, ISUW
Option 2)SQS53 Sonar, ISUW

ASW Option3) SQS56 sonar, ISUW

Option 4) No permanent SONAR

All Options: Mine Avoidance Sonar, 2xMK32 SVTT, AN/SEZ5B NIXIE

The dual frequency sonar bow array combines ANESQS60 mid frequency sonaand the AN/SQS61
high-frequencysonar This system is part of the Integrated Undersea Warfare (ISUW) system. This combination
provides the most capable sonar system

The SQS56 is a smaller, proven sonar that has been used on th@ ERGs. It is a lower cost alternative the
dual frequency sonar bow array, with reduced manning, space, and power requirements.

The MK32 Surface Vessel Torpedo Tube is capable of launching the Mk54, MK50, and MK56 Lightweight
Torpedoes. The triple mounted tubes pivot outwards to launch torpedoesagicallyn The launch can be
conducted locally or remotely from the ISUW systelfigure17 shows the MK32 SVTT.

Figure 17MK 32 SVTT

The AN'SLQ-25B NIXIE is a towed decoy that is used to deceive incoming acoustic torpedoes. It projects
noise similar to a surface combatant, drawing to torpedo away from the actual ship. It can be used either in pairs,
or singly.

3.1.4.4 MMOD

The Modular Mission payload of the ship enhances its versatility, allowing enhancement of selected missions
with minimal refit time. Options for the modular mission payload are listdcine12.
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Table 12 Mission Module Combat Systems options

Warfighting System Options

Option 1)150% LCS Mission Module Capacity
MMOD Option 2)LCS Mission Module Capacity
Option 3) 50% LCS Mission Moduleapacity

Mission modules can be used to enhance the ships capabilities in certain areas. For heavily mined waters,
UUVs and support facilities could be added to give the ship standoff mine countermeasures. Other possible
payloads include VTUAVs, USVsupport facilities for special operations forces, more capable ISR sensors and
equipment, and any module that can be fitted to the LCS class of ships.

3.1.45 GMLS/STK/NSFS

The guided missile launch system is responsible for the primary offensive armamergtopiti@unching

ordnance to support the AAW, BMD, and strike missions. Additionally, through the replacement of a modular
MK57 VLS module with an AGS system or railgun, the ship can provide significant naval surface fire support
capability. Options forite GMLS are listed iffable13.

Table 13 GMLS/STK/NSFS Combat Systems Options

Warfighting System Options

Option 1)4x4 MK57 VLS or 1x railgun or AGS, 64xMK57 PVLS or VLS
Option 2)4x4 MK57 VLS or 1x railgun or AGS, 56xMK57 PVLS or VLS
Option 3) 4x4 MK57 VLS ofx railgun or AGS, 48xMK57 PVLS or VLS

GMLS/STK/NSFS . )
Option 3)4x4 MK57 VLS or 1x railgun or AGS, 40xMK57 PVLS or VLS

All Options: Tomahawk WCS

The MK57 GMLS system carries one SM SM-3, or SM6 missile, one BGMLO9E Tomahawk cruise
missile, or four RIM 162 Evolved Sea Sparrow Missiles. It can be employed as either a standard inboard VLS
system, or as a Peripheral VLS system. The PVLS apbrpkaces the missiles along the outside of the hull,
where they act as a layer of reactive armor. If hit, the missile explodes outwards, limiting the damage to the ship
and reducing the probability of damaging the remaining missiles. A 16 cell MK57lencalu be replaced by an
AGS turret and magazine or by a railgun when that technology becomes available. The power and chill water
systems onboard are designed to accommodate any of the three médgles18 shows a 4 cell MK57 module
with a Standard Missile.
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Figure 18 MK57 with Standard Missile

The railgun system is a future technology that can be outfitted to the ship after constoectemoving the
modular MK57 VLS system. The railgun will have a range of over 200 nm at a raté2ofddinds per minute in
all weather conditions. The rounds are inert and GPS guided, relying on accuracy and kinetic energy to destroy the
target, whit is hit velocities in excess of mach 5. The inert rounds have no explosive or propellant to pose a
danger in the event of fire. The power requirements of the railgun are so great that the ship must be stationary in
order to fire, using all available pesr t o recharge the railgunédés capacitor
AGS are shared with the railgun, including the turret shell and similar cooling sydteguse 19 shows the flight
profil e of t hEgure2Dshovsamidstllatiom af thelrailgun next to an AGS system on a-DDG
1000 class ship, displayinbe planned commonalities in the turret systems.

ABOVE SENSIBLE ATMOSPHERE
Simplifies deconfliction

e Long-Range . La e Capacity Magazines
o Timg-Cri{i'gal . Nor%rope?lgntg =
e Persistent

o No Explosive Warheads

e All-Weather (24/7) e Increased Ship Design Options

e No Unexploded e Reduced Ship Vulnerability
B Ordnance Issues e L everages Navy Investment in &
E Integrated Power System

Figure 19 Railgun Ballistics
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Figure 20 Railgun and AGS mounting

The Standard Missile family is designed to fulfill high end AAW missions. The-B3BISM-2 Block IV
missile is the current long range fleet AAW weapon. It has a range in excess of 130NM. It isaatsemadar
homing missile, requiring the target to be illuminated by the-8Radar until impact. The RIM74 SM6 Missile
is an SM2 Block IV with the semiactive seeker replaced by the active homing package from thel&M
AMRAAM. This allows the SM6 to engage and destroy threats outside the illumination range of th& &feér.
The RIM-161 SM3 is designed for ABM and ASAT capalidis, and is used with the DBR to provide BMD
capabilities. It carries a kinetic warhead, destroying targets through impact. To achieve velocities required to
intercept ballistic missiles and satellites, it is equipped with a third stage booster. aleuniance for the SA3
is provided by an infrared seeker.

The ESSM is a medium ranged AAW missile. The ESSM can provide for ownship AAW capabilities, but
lacks the range for the fleet AAW mission. It is a smaller missile than th&,S8d a result, 4 &Ms can be
carried in 1 MK57 cell, as see frigure21.

e AN

Figure 21 Quad-packed ESSM MK57 cell

3.1.46 CH

A shipds Command, CcContputerdand Inktigeme systemsdorinecinall qf the data systems
onboard the ship, and connect the ship to the rest of the fleet and to higher comzdohel$4 shows the
necessary & systems

Table 14 C* Systems

Warfighting System Options
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Option 1) Enhanced Radio/Excomm
Option 2) Basic Radio/Excomm

ci

All Options: TSCE, underwater communications, alarm systems, secur
systems

3.1.47 LAMPS

The Light Airborne MultiPurpose System (LAMPS) is the system for the launch, recovery, holding, and
refueling of MH60R helicopters onboard a surface combat@able15 shows the LAMPS combat systems

Table 15LAMPS Combat Systems

Warfighting System Options

Option 1) 2x MH60 helicopters embarked with hanger, RAST
Option 2) 2xMH60 helicopters embarked with hanger
LAMPS Option 3) No embarked helicopter detachment

All Options: VTUAV Support, Helicopter refueling systems

The LAMPS system is centered on the MBR Seahawk helicopter. The MBOR is an upgraded variant of
the SH60B LAMPS Mk Il helicopter, the standard multirole helicopter embarked onboard surface combatants.
Upgrades from the SOB include more advanced active dipping sonar, improved radar, a more capable ESM
suite, improved flight control computer, FLIR, and dinghass cockpit. The MHOR carries the MK54 LWT for
engaging submarines, and AGM4 Hellfire missiles for engaging surface targets. The-®0R can undertake
missions ranging from ASW to SAR to VERTREPs.

3.1.4.8 Combat Systems Payload Summary

In order to tradeff combat system alternatives with other alternatives in the total ship design, combat system
characteristics listed ifable16 are included in the ship synthesis rabdata base.

Table 16 - Combat System Ship Synthesis Characteristics

WT HD10 | HAREA | DHAREA
ID NAME DV |WTGRP| ID | SingleD | (MT) (m) (m2) (m2) | CRSKW/| BATKW

VOLUME SEARCH
RADAR [S BAND]-
1| VSR AAW | W456 1 400 198 7.5 0 304 | 2100 | 2100

GLYCOL WATER
COOLING SYSTEM
2 | FORVSR AAW W532 2 500 54.04 4.5 0 100 1900 1900

VOLUME SEARCH
RADAR [S BAND]-
3 | VSR+ AAW | w4s6 3 400 256 7.5 0 393 | 2714 | 2714

GLYCOL WATER
COOLING SYSTEM
4 | FOR VSR+ AAW W532 4 500 98.76 4.5 0 183 2300 2300

VOLUME SEARCH
RADAR [S BAND]-
5 | VSR++ AAW | w4s6 5 400 398 7.5 0 610 | 4181 | 4181

GLYCOL WATER
COOLING SYSTEM
6 | FOR VSR++ AAW W532 6 500 158.13 4.5 0 293 3500 3500

VOLUME SEARCH
RADAR [S BAND]-
7 | VSR+++ AAW | w4s6 7 400 425 7.5 0 651 | 4462 | 4462

GLYCOL WATER
COOLING SYSTEM
8 | FOR VSR+++ AAW W532 8 500 189.76 4.5 0 352 4200 4200

AN/SPY-3 MFR -
9 | MULTIPLE MODE AAW W456 9 400 75.71 10.5 0 108.68 382.7 382.7
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RADAR

10

GLYCOL WATER
COOLING SYSTEM
FOR SPY-3 MFR /
EWS

W532

10

500

22.92

1.43

25.14

300

300

11

AEGIS BMD 2014
COMBAT SYSTEM
AND CIC

W411

11

400

17.6183

-1.09728

184.784

74.5

74.5

12

CIFF-SD

W455

12

400

4.47

16.22

0

2.7

2.4

13

MK53 NULKA DECOY
LAUNCHING SYSTEM
-DLS

WF21

13

20

0.82

-1.4

14

MK 36 SRBOC
DECOY LAUNCHING
SYSTEM - DLS

WF21

14

20

3.06

1.6

15

EWS - ACTIVE ECM -
SLQ/32R

W471

15

400

9.88

14

6.5

0.32

0.32

16

IRST - INFRARED
SENSING &
TRACKING

W459

16

400

4.45

17

RAM/SEARAM
LAUNCHER - 11 CELL
LAUNCHER 1 OF 3

721

17

700

3.4

4.8

4.8

18

RAM/SEARAM
LAUNCHER - 11
READY SERVICE
MISSILES 2 OF 3

21

18

20

1.1

19

RAM/SEARAM
LAUNCHER - 11 CELL
- 11 RAM MISSILE
MAGAZINE 3 OF 3

21

19

20

1.1

20

155 MM AGS
PROTECTION

ASUW

w164

20

100

19

0.86

21

155 MM AGS
FOUNDATIONS

ASUW

w187

21

100

a7

-0.15

22

155 MM AGS
MAGAZINE SUPPORT

ASUW

W187

22

100

8.4

-13.65

23

155 MM AGS
STOREROOM
PROTECTION

ASUW

W164

23

100

12.75

24

155 MM AGS GUN
MOUNT

ASUW

W711

24

700

44.1

1.35

54.14

30

275

25

155 MM AGS
ENERGY STORAGE
SUBSYSTEM

ASUW

W711

25

700

7.49

-1.9

26

155 MM AGS CABLE

ASUW

W711

26

700

2.99

-2.9

27

155 MM AGS GUN
HANDLING SYSTEM

ASUW

W712

27

700

105

-9.91

28

155 MM AGS AMMO
PALLETS [304
ROUNDS]

ASUW

WF21

28

20

54.4

-8.65

29

155 MM AGS AMMO
LOADOUT - 304
ROUNDS

ASUW

WF21

29

20

44.2

-7.9

0

30

SPS-73 SURFACE
SEARCH RADAR

ASUW

W451

30

400

0.24

9.02818

6.50321

0.2

31

THERMAL IMAGING
SENSOR SYSTEM -
TISS

ASUW

W452

31

400

0.13

10.85

32

FLIR

ASUW

W452

32

400

0.16

10.8

1

0

33

GFCS

ASUW

W481

33

400

0.76203
5

-1.8288

0

13.9355

12.3

42.7

34

2 X7M RHIB

ASUW

W583

34

500

7

-3

38.02

0

35

1 X MK110 57MM
GUN

ASUW

W710

35

700

18

-1.88976

26.4774

0

36.6

50.2

36

MK110 57MM AMMO -
600 RDS

ASUW

WF21

36

20

16

-8.65632

65.4966

37

MK110 57MM GUN
HY-80 ARMOR LEVEL

ASUW

W164

37

100

10

-2.4384

0
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38 | 1X MK45 5IN/62 GUN ASUW | W710 38 700 | 37.3905 | -1.88976 | 26.4774 0 36.6 50.2
MK45 5IN AMMO - 600

39 | RDS ASUW | WF21 39 20 | 33.6312 | -8.65632 | 65.4966 0 0 0
MK45 5IN/62 GUN HY-

40 | 80 ARMOR LEVEL Il ASUW | W164 40 100 | 20.5243 -2.4384 0 0 0 0
RAILGUN

41 | PROTECTION ASUW | W164 41 100 19 0.86 0 0 0 0
RAILGUN

42 | FOUNDATIONS ASUW | w187 42 100 47 -0.15 0 0 0 0
RAILGUN MAGAZINE

43 | SUPPORT ASUW | w187 43 100 8.4 -13.65 0 0 0 0
RAILGUN
STOREROOM

44 | PROTECTION ASUW | W164 44 100 12.75 -8.9 0 0 0

45 | RAILGUN MOUNT ASUW | W711 45 700 44.1 1.35 54.14 30 275
RAILGUN 386.476

46 | CAPACITOR BANKS ASUW | W711 46 700 150 -5 6 200 | 16000

47 | RAILGUN CABLE ASUW | W711 47 700 6 -2.9 0 0 0 0
RAILGUN HANDLING

48 | SYSTEM ASUW | W712 48 700 105 -9.91 0 0 0 0
RAILGUN AMMO -

49 | 2400 RDS ASUW | WF21 49 20 48 -7.9 342 0 0 0
DUAL FREQUENCY
BOW ARRAY SONAR

50 | DOME STRUCTURE ASW W165 50 100 22.5 -18.5 0 0 0 0
DUAL FREQUENCY
BOW ARRAY SONAR

51 | ELEX ASW W463 51 400 26.73 -11.8 104.2 0 94.3 94.3
DUAL FREQUENCY
BOW ARRAY SONAR

52 | HULL DAMPING ASW W636 52 600 10.1 -16.9 0 0 0 0
SQS-56 SONAR

53 | DOME STRUCTURE ASW W165 53 100 7.43 -17.5 0 0 0

54 | SQS-56 SONAR ELEX | ASW W462 54 400 5.88 -11.8 126.86 19.7 19.7
SQS-56 SONAR HULL

55 | DAMPING ASW W636 55 600 2.01 -16.9 0 0 0 0
SQS-53 SONAR

56 | DOME STRUCTURE ASW W165 56 100 85.7 -18.9 0 0 0

57 | SQS-53 SONAR ELEX | ASW W462 57 400 67.4 -11.8 271.7 100 100
SQS-53 SONAR HULL

58 | DAMPING ASW W636 58 600 20.1 -16.9 0 0 0 0
MINEHUNTING

59 | SONAR ASW W462 59 400 2.1 -16.5 21 0 3.7 3.7
ISUW - INTEGRATED
UNDERSEA

60 | WARFARE SYS ASW W483 60 400 | 4.87703 -3.3528 0 19.5 19.5

61 | SQR-19 TACTAS ASW W462 61 400 | 23.6739 -3.6096 | 43.9431 26.6 26.6

62 | AN/SLQ-25 NIXIE ASW W473 62 400 | 3.65777 -3.6096 | 15.9793 3 4.2
BATHYTHERMOGRA

63 | PH ASW W465 63 400 2.63 -1.25 0 0 0

64 | TORPEDO DECOYS ASW W473 64 400 5.09 -7.29 46 2.4 2.4
C+S OPERATING

65 | FLUIDS ASW W498 65 400 72.31 -16.15 0 0 0 0
2X MK32 SVTT ON

66 | DECK ASW W750 66 700 | 2.74333 -2.0856 0 0 0.6 1.1
6 X MK46
LIGHTWEIGHT ASW

67 | TORPEDOES ASW WF21 67 20 | 1.38182 -2.0856 0 0 0 0
TOTAL SHIP
COMPUTING ENVIR

68 | SYSTEM CCC W412 68 400 73.38 -6.93 763.6 0 | 435.68 | 435.68
ENHANCED

69 | RADIO/EXCOMM CCC w441 69 400 51 11.31 0 265 | 227.89 | 228.19
BASIC

70 | RADIO/EXCOMM CCC W440 70 400 | 32.9098 10 0 158 93.3 96.4

71 | TOMAHAWK CCC w482 71 400 | 5.70002 | -2.37744 0 115 115
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WEAPON CONTROL
SYSTEM

72

UNDERWATER
COMMUNICATIONS

CCC

W442

72

400

2.88

-11.22

73

VISUAL & AUDIBLE
SYSTEMS

CCC

W443

73

400

0.32

-5.46

74

SECURITY
EQUIPMENT
SYSTEMS

CCC

W446

74

400

0.88

-7.27

75

PVLS NON-
STRUCTURE FRAG
ARMOR 160 CELLS

GMLS

W164

75

100

213.75

-7.68

76

PVLS NON-
STRUCTURE FRAG
ARMOR 128 CELLS

GMLS

W164

76

100

171

-7.68

77

PVLS NON-
STRUCTURE FRAG
ARMOR 96 CELLS

GMLS

W164

77

100

128.25

-7.68

78

PVLS FOUNDATIONS
160 CELLS

GMLS

w187

78

100

60.5

-4.65

79

PVLS FOUNDATIONS
128 CELLS

GMLS

W187

79

100

48.4

-4.65

80

PVLS FOUNDATIONS
96 CELLS

GMLS

W187

80

100

36.3

-4.65

81

PVLS COOLING UNIT-
VLS MAG 160 CELLS

GMLS

W514

81

500

59.48

82

PVLS COOLING UNIT-
VLS MAG 128 CELLS

GMLS

W514

82

500

47.58

-4

83

PVLS COOLING UNIT-
VLS MAG 96 CELLS

GMLS

W514

83

500

35.69

-4

84

PVLS COOLING
EQUIPMENT
OPERATING FLUIDS
160 CELLS

GMLS

W598

84

500

27.47

-4

85

PVLS COOLING
EQUIPMENT
OPERATING FLUIDS
128 CELLS

GMLS

W598

85

500

21.98

-4

86

PVLS COOLING
EQUIPMENT
OPERATING FLUIDS
96 CELLS

GMLS

W598

86

500

16.48

87

PVLS 160 CELLS

GMLS

W721

87

700

628.92

-4.33

1900

724.6

724.6

88

PVLS 128 CELLS

GMLS

W721

88

700

503.14

-4.33

1520

579.68

579.68

89

PVLS 96 CELLS

GMLS

W721

89

700

377.35

-4.33

1140

o |[O [0 |©o

434.76

434.76

90

PVLS MISSLE
HANDLING

GMLS

W722

90

700

0.25

14

91

PVLS LOADOUT 160
CELLS

GMLS

WEF21

91

20

332.375

-3.77

92

PVLS LOADOUT 128
CELLS

GMLS

WF21

92

20

265.9

-3.77

93

PVLS LOADOUT 96
CELLS

GMLS

WF21

93

20

199.43

-3.77

94

KEILS
FOUNDATIONS
8(x4)=32 CELLS

GMLS

w187

94

100

12.1

-4.65

95

KEI LS NON-
STRUCTURE FRAG
ARMOR 8x4 CELLS

GMLS

W164

95

100

42.75

-7.68

96

KEI LS COOLING
UNIT 8 CELLS

GMLS

W514

96

500

12.69

-4

97

KEI LS COOLING
EQUIPMENT
OPERATING FLUIDS
8x4 CELLS

GMLS

W598

97

500

5.4

-4

98

KEI LS 8x4 CELLS

GMLS

w721

98

700

125.8

-4.33

1140

434.76

434.76

99

KEI MISSILE
LOADOUT 8(x4)=32
CELLS

GMLS

WF21

99

20

66.5

-3.77
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DUAL HELO/UAV DET
- 2X SH60R HANGAR
UPPER LEVEL 17 X LAMP 10

100 | 15.7 S NONE 0 100 0 0 0 266.9 0 0
DUAL HELO/UAV DET
- 2X SH60R HANGAR
LOWER LEVEL 17 X LAMP 10

101 | 15.7 S NONE 1 100 0 0 0 266.9 0 0
DUAL HELO/UAV DET | LAMP 10

102 | - FUEL SYSTEM S W542 2 500 21 -9.84 0 2.77 0 0
DUAL HELO/UAV DET
HNDLG/SUPPORT/MA
INT/WKSP - AREA LAMP 10

103 | ONLY S NONE 3 500 0 0 0 34.1 0 0
DUAL HELO/UAV DET
- RAST/RAST
CONTROL - AREA LAMP 10

104 | ONLY S NONE 4 500 0 0 44.4 0 0 0
DUAL HELO/UAV DET
HANDLING/SERVICE/
STOWAGE - WEIGHT | LAMP 10

105 | ONLY S W588 5 500 26.04 -1.69 0 0 0 0
DUAL HELO/UAV DET
- MAGAZINE LAMP 10

106 | HANDLING S w712 6 700 0.001 -1.55 0 0 0 0
DUAL HELO/UAV DET
- MAGAZINE 12-MK46
24-HELLFIRE 6- LAMP 10

107 | PENQUIN S WE22 7 20 0.001 -15 0 57.46 0 0
DUAL HELO/UAV DET | LAMP 10

108 | - VTUAV S WEF23 8 20 3.47 2 0 0 0 0
DUAL HELO/UAV DET | LAMP 10

109 | - 2X SH60R S WF23 9 20 10.66 -2 0 0 0 0
DUAL HELO/UAV DET | LAMP 11

110 | - SUPPORT/SPARES | S WF26 0 20 0 -2 0 158.08 0 0
SONOBOUY
MAGAZINE
STOWAGE - NONE IN | LAMP 11

111 | PARENT S W713 1 700 0.001 -15 0 0 0 0
SONOBOUY
MAGAZINE - 300
BUOYS - 88 LAMP 11

112 | MARKERS S WF22 2 20 0.001 -15 0 10.12 0 0
SQQ-28 LAMPS MK Ill | LAMP 11

113 | ELECTRONICS S W460 3 400 | 3.51552 0.9144 0 0 5.3 5.5
LAMPS
MKIII:AVIATION FUEL | LAMP 11

114 | [IP-5] S WF42 4 40 | 65.4334 | -12.4376 0 0 0 0
LAMPS MKIII:HELO
IN-FLIGHT REFUEL LAMP 11

115 | SYS S W542 5 500 | 7.72196 -7.572 | 4.08773 0 1.3 1.3
BATHYTHERMOGRA | LAMP 11

116 | PH PROBES S WF29 6 20 | 0.21337 | -8.56359 0 0 0 0
SINGLE SH-60 1
MODULAR DET - 1 LAMP 7

117 | HELO AND HANGAR S 23 20 9.49 3 0 88 0 0
SINGLE SH-60 1
MODULAR DET - LAMP 8

118 | MISSION FUEL S 42 40 275 -6 0 0 0 0
SINGLE SH-60 1
MODULAR DET - LAMP 9

119 | SUPPORT MOD 1 S 26 20 6.938 3 0 37.52 0 0
SINGLE SH-60 12
MODULAR DET - LAMP 0

120 | SUPPORT MOD 2 S 26 20 6.721 3 0 37.52 0 0
SINGLE SH-60 12
MODULAR DET - LAMP 1

121 | SUPPORT MOD 3 S 26 20 3.345 37.52

122 | SINGLE SH-60 LAMP 26 12 20 3.347 0 37.52 0 0
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MODULAR DET - S 2
SUPPORT MOD 4
DUAL SH-60 12
MODULAR DET - 2 LAMP 3

123 | HELOS AND HANGAR S 23 20 18.98 3 0 176 0 0
DUAL SH-60 12
MODULAR DET - LAMP 4

124 | MISSION FUEL S 42 40 55 -6 0 0 0 0
DUAL SH-60 12
MODULAR DET - LAMP 5

125 | SUPPORT MOD 1 S 26 20 6.938 3 0 37.52 0 0
DUAL SH-60 12
MODULAR DET - LAMP 6

126 | SUPPORT MOD 2 S 26 20 6.721 3 0 37.52 0 0
DUAL SH-60 12
MODULAR DET - LAMP 7

127 | SUPPORT MOD 3 S 26 20 3.601 3 0 37.52 0 0
DUAL SH-60 12
MODULAR DET - LAMP 8

128 | SUPPORT MOD 4 S 26 20 3.347 3 0 37.52 0 0
SMALL ARMS AND 12

129 | PYRO STOWAGE SDS W760 9 700 | 5.94387 | -1.92024 | 18.8593 0 0 0
SMALL ARMS AMMO -
7.62MM + 50 CAL + 13

130 | PYRO SDS WEF21 0 20 | 4.16579 -1.8288 0 0 0 0

13

131 | 3 X30MM CIGS GUN SDS W164 1 100 2.5 1.83 0 0 0 0
SWBS 187 2 X 30MM
CIGS GUN 13

132 | FOUNDATION SDS W187 2 100 9 4.35 0 0 0 0

13

133 | 3 X CIGS SYSTEMS SDS W711 3 700 16.94 4.9 23.84 0 20 40
3 X CIGS HOIST 13

134 | EXTENTIONS SDS W711 4 700 0.89 0.1 0 0 0 0
3 X CIGS AMMO 13

135 | HOIST SDS W712 5 700 0.45 2.6 0 0 0 0
3 X CIGS CASE 13

136 | CAPTURE SDS W712 6 700 4.96 3.57 0 0 0 0
3 X 30MM CIGS GUN 13

137 | AMMO SDS WEF21 7 20 4.29 -1.5 0 0 0 0

3.1.5 Modularity Alternatives

Modularity is the arrangement of coupled elements of a complex system connectesspgqified interfaces.

The benefits of modularity include reduced life cycle costs by five to eleven percent, improved renovation and
maintenance costs and schedule, mttliced acquisition schedule. Modularity allows for various hull and module
components to be build simultaneously at different locations, then assembled at a main facility. Because these
elements do not need to be fabricated on site, this saves aataggmt of time during the construction process.

Also if the ship needs repair or renovation while deployed, it does not need to return to a shipyard for extensive
work. The module can be sent to the ships location, and the necessary parts can lokdnstaéen a fraction of

time with little intensive work needed. The key to modularity are the interfaces. Having standard inputs such as
electrical power, sensors, and HVAC allow the components to be removed or replaced quickly with slight
modification of the ship.

Not every aspect of a ship can benefit from modularity. The application of modularity is most promising
where change is likely to occur. Some areas include combat systems, sensors, Command Control Communications
Computers and Intelligeec(C4l), Hull Mechanical and Electrical (HM&E), and habitability. The advances in
technology allow these areas to benefit most from modularity. Also there may be some issues with modularity in a
ship. The addition of platforms and interfaces to a shay nesult in higher acquisition cost. Also displacement
and fuel consumption may increase due to the increased weight from interfaces and other required structure;
however these increases are less than five percent for a Medium Surface Combatant (MSC).

There are many types of modularity, some more applicable to a MSC than others. One option is a prepackaged
containers or pallets. Thihoice is best suited for elements on the exterior of the ship, such as weapons and sensor
systems. Containers and lp# are easily installed on a ship and have little effect on the surrounding structure. A
good example of container modularity is the weapon showigure22. Itis essentially self contained and simply
attaches to the deck of the ship. Unfortunately with the Wave Piercing Tumblehome (WPTH) hull of the MSC, the
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containers would negate radar reduction gains. Another form of modularity is construction modulbtity or

segments. This is the process of constructing largassits e mb |1 i es of a shipbds hull i ndi
at once. This method has been used in the past as a way to renovate ships to update for modern threats and needs.
Hull segments & an inefficient way to update a ship or to construct a new one.

Figure 22 Open and Closed Container Weapons Module

Figure 23 shows the possible modularity design variables. The last option for each modularity sector is
considered to be HfAconventional 0. These options are
capabilities. They are the lowest upfront cost, howdvéris in an area that is prone to upgrade and repairs,
operational costs are significantly higher. The higher ranked an option is, the more modular its elements are.

- = C4I Modularity Options
m Option 1 - C4I Raft
= Option 2 - C41I Tracks
= Option 3 - Conventional C4I
- = HM&E Modularity Options
= Option 1 - MR Deck Rafts
= Option 2 - HM&E Palletized
= Option 3 - HM&E Component Modules
= Option 4 - Conventional HM&E
== Habitability Modularity Options
= Option 1 - Hab Space Tracks
= Option 2 - Standard Modular Hab Spaces
m Option 3 - Conventional Hab Spaces
== Weapons Modularity Options
= Option 1 - Maximum Margin and Interfaces
= Option 2 - Minimum Margin and Interfaces
= Option 3 - Same Modular Weapon
m Option 4 - Conventional Weapon Install
= = Sensors/Topside Modularity Options
= Option 1 - Modular Sensors
= Option 2 - Modular Mast
m Option 3 - Conventional Sensor Install

Figure 23 Modularity Design Variables

Though modulaty is not yet prevalent in the US Navy, it is not a new concept. Modularity was effectively
i mpl emented in Germany and Europe through the MEKO pr o
MEKO ships have been built using modular platforfggure24 shows an example of the arrangement and
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modularity of the MEKO ships. The MEKO ship incorporated a number of different types modularity, primarily
mission ad container/palletized module packages. Later designs also included modular mast options to
complement the existing modularity options. The MEKO went on to be the basis for a number of other ship
modularity and commonality programs, both in the UnitexteStand abroad.

B G Function Units (A and Sea Targets) .

Lol
- Misside Function Units (Surtace 1o Ain .
I 500 Funeton Unas Surtace 1o Surtace

[] At Submarine Wartare Function Units = . . !

= - L 2 -
Fire Control Function Unas L = ~> -

Figure 24 MEKO Modularity Arrangement

The Navy is dependent on the most advanced weapons and combat systems to safely meet the challenges of
current and future threats. That is why any new ship should tigezliwith the most modular combat system
possible. This allows the ship to adapt to changing needs and environments while the Navy gets the longest
possible life span out of the ship. Nearly as important as combat systems are sensors and C4l dlaments.
ability to destroy any enemy is nothing without the ability to track and monitor them. With respect to C4l
components, a tracks mounting system is easy to implement on future technologies, and current equipment can be
adapted to this system if noready. An example of a C4l tracks system is giveligure 25. The tracks are
attached to the wall using bolts and welding then equipmerttnisected to the trs. A modular mast to house
all radar and antenna apparatus may be impractical under current technological restraints, but is not ignored as an
option for the future. Habitability is an area where modularity is least valuable. That is why standaituilinabit
and berthing spaces would best fit a MSC. Finally HM&E would best benefit from a component type of
modularity. This would allow individual parts to be updated or changed as technology leads to increased
efficiencies. Also, if an element needpaé or replacing, just that one part can be changed instead of having to
remove an entire system to replace one section.
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Figure 25 C4l Tracks Modularity and Layout Example

The benefits of modularity derive from the ability to avoid costly and time consuming removal and
reinstallation of modules and components. The interfaces of the modules ensure the surrounding structure of the
ship is not affected by repair or replacemebespite the potential of an increased acquisition cost, the reduced life
cycle and follow ship cost make modularity worth the initial investment.

3.2 Design Space
Table 17 - Design Variables (DVs)

DV # ‘ DV Name Description DesignSpace ‘

1 LBP 160-200 m

2 LtoB Length to Beam ratio 7-10

3 LtoD Length to Depth ratio 11-14

4 BtoT Beam to Draft ratio 2.93.2

5 VD Deckhouse volume 500015000 m"3

6 Cdmat Hull Material 1 = Steel, 2 = Aluminum, 3 = Advanced Composite
8 PGM PowerGeneration Module 1 =3 x LM2500+, AC Synch, 4160VAC

2 =2 x MT30, AC Synch, 4160VAC

3 =3 xMT30, AC Synch, 4160VAC

4 = 3 x LM2500+, AC Synch, 13800VAC
5 =2 xMT30, AC Synch, 13800VAC

6 = 3 x MT30, AC Synch, 13800VAC

8 SPGM Secondary Power Generation Mody 1 = NONE

2 =2 x LM2300 G, AC Synch, (DDG 1000)
3 =2 x CAT 3608 Diesel

4 =2 x PC 2.5/18 Diesel

5 =2 x PEM 3 MW Fuel Cells (NSWCCD)
6 = 2 x PEM 4 MW Fuel Cells (NSWCCD)
7 = 2x PEM 4 MW Fuel Cells (NSWCCD)

9 PROP TYPE| Propulsion Type Option 1) = 2 x FPP
Option 2)= 2 x Pods
Option 3) =1 FPP +SPU

10 PD TYPE Power Distribution Type 1=AC ZEDS
2 =DC ZEDS (DDG 1000)

11 PMM PropulsiveMotor Module 1 = (AIM) Advanced Induction Motor (DDG 1000)

2 = (PMM) Permanen Magnet Motor

12 Ts Prvosions Duration 60-75 days
13 Ncps Collective Protection System 0 O=none
1 = partial

2 =full




MSC Designi VT Team 1 Paged40

14 Ndegaus Degaussing system 0 = none

1 = degaussing system

15 Cman Manning Reduction and automation| 0.5- 1.0
factor
16 AAW Anti-Air warfare alternatives Option 1) SPY3/VSR+++ DBR, IRST, AEGIS BMD 2014

Combat System, CIFBD,
SLQ/32(R) improved, MK36 SRBOC with NULKA

Option 2) SPY3/VSR++ DBR, IRST, AEGIS BMD 2014
Combat System, CIFBD,

SLQ/32(R) improved, MK36 SRBOC with NULKA

Option 3) SPY3/VSR+ DBR, IRST, AEGIS BMD 201€ombat
System, CIFFSD,

SLQ/32(R) improved, MK36 SRBOC with NULKA

Option 4) SPY3/VSR (DDG1000 3L) DBR, IRST, AEGIS
BMD 2014 Combat

System, CIFFSD, SLQ/32(R) improved, MK36 SRBOC with

NULKA
17 ASUW Anti-Surface Warfar Option 1) 1x155m AGS, SP®3, Small Arms, TISS, FLIR,
alternatives/Naval Surface Fire GFCS, 2x7m RHIB,

support alternatives
MK46 Mod1 3x CIGS
Anti-Surface Warfare

Anti-Air Warfare 20 AAW alternatives

Option 2) 1x MK 478, Srall ArBs2 TISBUFLIR|
GFCS, 2x7m RHIB,

MK46 Mod1 3x CIGS

Option 3) 1xMK110 57mm gun, SPE3, Small Arms, TISS,
FLIR, GFCS, 2x7m

RHIB, MK46 Mod1 3x CIGS

18 ASW Anti-Submarine Warfare Option 1) Dual Frequency Bow Array, ISUW, NIXIE, 2xSVTT
Alternatives/ Mine Counter Measurd mine-hunting sonar

Option 2) SQSH3C, NIXIE, SQR19 TACTAS, ISUW,
2XSVTT, minehunting sonar
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Option 3)SQS56, NIXIE, ISUW, 2xSVTT, minehunting sonar

Option 4) NIXIE, 2xSVTT, minehunting sonar

19 NSFS Naval Surface Fire Suppor Option 1) 1x155m AGS, SP®3, Small Arms, TISS, FLIR,
Alternatives GFCS, 2x7m RHIB,
MK46 Mod1 3x CIGS
Option 2) 1x MKA478,Shall Ares2 TISBUFLIR,
GFCS, 2x7m RHIB,
MK46 Mod1 3x CIGS
Option 3) 1xMK110 57mm gun, SP83, Small Arms, TISS,
FLIR, GFCS, 2x7m
RHIB, MK46 Mod1 3x CIGS
20 CCcClI Command Control Communication | Option 1) Enhanced CCCCI
Computer
Option 2) Basic CCCCI (CG 47)
21 GMLS Guided Missile Launching System | Option 1) 192 cells, MK 41 and/or MK57 PVLS
Option 2) 16Ccells, MK 41 and/or MK57 PVLS
Option 3) 144 cells, MK 41 and/or MK57 PVLS
Option 4) 128 cells, MK 41 and/or MK57 PVLS
22 LAMPS LAMPS Alternatives Option 1) Embarked 2 LAMPS w/Hangars

Option 2) Embarked 1 LAMP&/Hangar
Option 3) LAMPS haven (flight deck)

3.3 Ship Synthesis Model

A

surrogate ship synthesis model was constructed

Design variables were analyzed over the entire design space usinglthebjective genetic optimization

(MOGO) feature built into Model Center. The MOGO worked to develop concept design models on-the non
dominated frontier. A number of steps, which are outlined below, went into the development of the multi objective
geneic optimization and a following single objective optimization. The MOGO consisted of a series of response
surface models (RSMs) and FORTRAN analysis code, linked together in Model Center to analyze inputs over the
design space, and produce a large numbeocept designs in a relatively short period of time. In doing so,

hundreds of ship models were analyzed and an optimized design with appropriate levels of risk, effectiveness, and
cost was be chosen.

us
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Computer programs were developed in FORTRAN whidkrigned outputs variables for portions of the
ship design process. FORTRAN code was developed to be used in the determination of the combat systems, hull
form, propulsion machinery, space available and required, electric loads, weights, tankage vakihiktyfecost,
overall measure of effectiveness, and a designdés over al
from the combat system payload summary which it used to output weight and power requirements of the system
being analyzed. Ténhull module output hull form coefficients and scantlings from length to beam, draft, and depth
ratios. Fuel requirements and machinery efficiencies were calculated in the propulsion machinery module. The
usable space of a ship was calculated in the spagitable module, given ship size characteristics. Electric loads
received input from previous modules, including propulsion and combat systems, and calculated the 24 hour
electric load and the required shaft horsepower. The tankage module producddlavmez the tankage volumes
and the weights module produces a weights breakdown following the SWBS structure.

In addition to Fortran models, response surface models were developed to produce hull volume
characteristics, effective horsepower and propalsificiency models, electric loads, sustained speed calculations,
and weight and space estimates. These response surface models were generated using ASSET 5.3.0 in combination
with Model Center. Model Center inputs were linked to ASSET which alloweal fimge number of ship concepts
to be produced by ASSET in a short period of time. By limiting which design variables were changed, it became
possible to analyze how that specific variable or grou|
relati onship was plotted and Rduebthroughd-igire29showbowvthee ent |y dev
response surface module output variable compare@tdSSET output. For exampleigure26 compares the
hull volume that was calculated using the RSM versus the hull volume that was calculated ugig AES
black line on the graph depicts where the calculated value using the RSM would equal the actual value produced by
ASSET. A closer fit RSM would more closely follow this trendline.

The hull volume RSM, shown iRigure26 andFigure27 estimated the hull volae and structural weight,
given ratios of length to depth, draft, and beam. A RSM for propulsion also receives these ratios and calculates
effective horsepower, depictedfigure28, and the propulsive coefficient. The twenty four hour electric load and
the maximum marginal electric load are calculated in an RSM which receives the length, length to beam, length to
draft, the power available, and a mangnarray. The sustained speed RFigure29, used inputs including
length, length to draft, length to beam, beam to draft, and the power available. Lastly, weight and space RSMs were
calculated using length, length to draft, length to beam, and the manning array.
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HullVolume' vs. HullVolume
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Figure 26 Hull Volume RSM
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Figure 27: Weight RSM
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Figure 28: Effective horsepower RSM
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Figure 29: Sustained Speed RSM



MSC Designi VT Team 1 Page45

Each of the modules produced were linked togetheeas mFigure30. An input module was created in
addition to the modules previously discussed in order to input the design variables necessary for preliminary
calculations. All other variables in the ship dgsprocess were produced by each of the modules. By linking each
module to subsequent modules, design variables were updated continuously. As a run completed this design
process, the inputs were altered for the next run to maximize risk and effectivghigssninimizing cost. Once
the multi objective genetic optimization failed to improve on a run after a set number of attempts, the analysis was
halted and it was possible to compare one run with another, thus manually deciding upon which baseline model to
continue on with in the design process.

Figure 30 - Ship Synthesis Model in Model Center (MC)

3.4 Objective Attributes
3.4.1 Overall Measure of Effectiveness (OMOE)

The Overall Measure of Effectiveness (OMOE) is an overall figure of merit with an index number between 0
and 1 that describes the ships effectiveness in a collection of specified missions. The OMOE is based on several
considerations including: the ship Mles ur es o f Performance (MOPG&6s), environ
missions, and mission scenarios. The Analytical Hierarchy Process (AHP) utilizes pair wise comparison to provide
guantitative feedback for the Measures of Performance. The OMOE funsticsed to assess designs that have
not been assembled vyet. The first step is to identif
pairwise comparison wil/ be used to calcul at mabhe weig
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(threshold) or 1 (goal) index, value functions are built for all the MOP metrics. The MOP values will then be input
to the OMOE weight equation (shown below) to determine the overall measure of effectiveness.

OMOE = g[VOR(MOP)] = U w,\VOP,(MOP)
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Table 18- ROC/MOP/DV Summary
ROC Description \ MOP Related DV Goal Threshold
Steam to design capacity in
MOB 1 | most fuel efficient manner MOP 15 - Es LtoB LtoB=7 LtoB=4
MOP 15 - Es LtoD LtoD=11 LtoD=12
MOP 15 - Es BtoT BtoT=3.2 BtoT=2.8
MOP 15 - Es PSYS PSYS=1 PSYS=8
Support/provide aircraft for all-
MOB 2 | weather operations MOP 8 - Magnetic LAMPS LAMPS=1 LAMPS=3
MOP 11 - Seakeeping and
MOB 3 | Prevent and control damage Stability LtoB LtoB=7 LtoB=10
MOP 11 - Seakeeping and
Stability LtoD LtoD=11 LtoD=15
MOP 11 - Seakeeping and
Stability BtoT BtoT=2.8 BtoT=3.2
MOP 10 - RCS VD VD=200,000ft® VD=140,000ft®
MOP 12 - VUL Cdmat Cdmat=1 Cdmat=2 or 3
MOP 12 - VUL HULLtype HULLtype=2 HULLtype=1
MOP 7 - IR PSYS PSYS=1 PSYS=8
MOP 12 - VUL Ndegaus Ndegaus=1 Ndegaus=0
MOP 12 - VUL Cman Cman=0.1 Cman=0.5
MOB Counter and control NBC
3.2 contaminants and agents MOP 9 - NBC CPS Ncps=2 Ncps=0
MOB 5 | Maneuver in formation Required in All Designs
Perform seamanship,
airmanship and navigation
tasks (navigate, anchor,
mooring, scuttle, life boat/raft
MOB 7 | capacity, tow/be-towed) Required in All Designs
MOB Maintain health and well being
12 of crew Required in All Designs
MOB Operate and sustain self as a
13 forward deployed unit for an MOP 15 - Es LtoB LtoB=7 LtoB=10
extended period of time during | 15p 15 g LtoD LtoD=11 LtoD=15
peace and war without shore-
based support MOP 15 - Es BtoT BtoT=3.2 BtoT=2.8
MOP 15 - Es PSYS PSYS=1 PSYS=8
MOP 14 - Ts Ts Ts=35 days Ts=20 days
MOB Operate in day and night
16 environments Required in All Designs
MOB
17 Operate in heavy weather MOP 11- Seakeeping and Stability| LtoB LtoB=7 LtoB=10
MOP 11- Seakeeping an8tability | LtoD LtoD=11 LtoD=15
MOP 11- Seakeeping and Stability| BtoT BtoT=2.8 BtoT=3.2
Operate in full compliance of
existing US and international
MOB pollution control laws and
18 regulations Required in All Designs
AAW
1.3 Provide unitanti-air self defense | MOP 1- AAW AAW/SEW AAW/SEW=1 AAW/SEW=3
MOP 18- GMLS/NSFS/STK GMLS/NSFS/STK| GMLS/NSFS/STK=1 | GMLS/NSFS/STK=4
Provide antiair defense in
AAW 2 | cooperation with other forces MOP 1- AAW AAW/SEW AAW/SEW=1 AAW/SEW=3
MOP 1- AAW C4ISR C41=1 C4l=2
MOP 18- GMLS/NSFS/STK GMLS/NSFS/STK| GMLS/NSFS/STK=1 | GMLS/NSFS/STK=4
Provide passive and soft kill anti
AAW 5 | air defense MOP 1- AAW AAW/SEW AAW/SEW=1 AAW/SEW=3
Detect, identify and track air
AAW 6 | targets MOP 1- AAW AAW/SEW AAW/SEW=1 AAW/SEW=3
Engage airborne threats using
AAW 9 | surfaceto-air armament MOP 1- AAW AAW/SEW AAW/SEW=1 AAW/SEW=3
Engage surface threats with anti
ASU 1 | surface armaments MOP 2- ASUW ASUW ASUW=1 ASUW=3
MOP 2- ASUW LAMPS LAMPS=1 LAMPS=3
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ASU Engage surface ships at close
1.3 range (gun) MOP 2- ASUW ASUW ASUW=1 ASUW=3
ASU Engage surface ships with mediul
1.5 caliber gunfire MOP 2- ASUW ASUW ASUW=1 ASUW=3
ASU Engage surface ships with minor
1.6 caliber gunfire MOP 2- ASUW ASUW ASUW=1 ASUW=3
ASU Engage surface ships with small
1.9 arms gunfire MOP 2- ASUW ASUW ASUW=1 ASUW=3
Engage surface ships in
ASU 2 | cooperation with other forces MOP 2- ASUW ASUW ASUW=1 ASUW=3
MOP 4- C4ISR C4ISR C4ISR=1 C4ISR=2
ASU Detect and track surface target
4.1 with radar MOP 2- AAW ASUW ASUW=1 ASUW=3
MOP 2- ASUW LAMPS LAMPS=1 LAMPS=3
Disengage, evade and avoid
ASU 6 | surface attack MOP 2- ASUW ASUW ASUW=1 ASUW=3
ASW
1.3 Engage submarines at close rang MOP 3- ASW LAMPS LAMPS=1 LAMPS=3
ASW 4 | Conduct airborne ASW/recon MOP 3- ASW LAMPS LAMPS=1 LAMPS=3
MOP 3- ASW ASW/MCM ASW/MCM=1 ASW/MCM=3
MOP 3- ASW C4ISR C4ISR=1 C4ISR=2
ASW 5 | Support airborne ASW/recon MOP 3- ASW LAMPS LAMPS=1 LAMPS=3
MOP 3- ASW C4ISR C4ISR=1 C4ISR=2
Disengage, evade, avoid and
ASW 8 | deceive submarines MOP 13- Vs LtoB LtoB=7 LtoB=4
MOP 13- Vs LtoD LtoD=11 LtoD=12
MOP 13- Vs BtoT BtoT=3.2 BtoT=2.8
MOP 13- Vs PSYS PSYS=1 PSYS=8
MOP 3- ASW ASW/MCM ASW/MCM=1 ASW/MCM=3
MIW 4 | Conduct mine avoidance MOP 3- ASW ASW/MCM ASW/MCM=1 ASW/MCM=3
MIW
6.7 Maintain magnetic signature limity MOP 12- VUL Cdmat Cdmat=2 or 3 Cdmat=1
MOP 12- VUL Ndegaus Ndegaus=1 Ndegaus=0
Provide command and control
CCC1 | facilities Required inAll Designs C4ISR
Provide own unit Command and
CCC 3 | Control Required in All Designs C4ISR
CCC 4 | Maintain data link capability Required in All Designs C4ISR
Provide communications for own
CCC6 | unit Required in All Designs C4ISR
CCC9 | Relay communications Required in All Designs C4ISR
CCC 21 | Perform cooperative engagement| Required in All Designs C4ISR
Conduct sensor and ECM
SEW 2 | operations MOP 1- AAW AAW/BMD AAW/BMD=1 AAW/SEW=3
Conduct sensor and ECCM
SEW 3 | operations MOP 1- AAW AAW/BMD AAW/BMD=1 AAW/SEW=3
FSO 6 | Conduct SAR operations MOP 5- FSO/NCO LAMPS LAMPS=1 LAMPS=3
FSO 8 | Conduct port control functions MOP 5- FSO/NCO C4ISR C4ISR=1 C4ISR=2
MOP 13- Vs LtoB LtoB=7 LtoB=4
MOP 13- Vs LtoD LtoD=11 LtoD=12
MOP 13- Vs BtoT BtoT=3.2 BtoT=2.8
MOP 13- Vs PSYS PSYS=1 PSYS=8
MOP 2- ASUW ASUW ASUW=1 ASUW=3
MOP 5- FSO/NCO LAMPS LAMPS=1 LAMPS=1
FSO 9 | Provide routine health care Required in All Designs
FSO 10 | Provide first aid assistance Required in All Designs
Support/conduct intelligence
INT 1 collection MOP 19- MMOD MMOD MMOD=1 MMOD=4
INT 2 Provide intelligence MOP 19- MMOD MMOD MMOD=1 MMOD=4
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Conduct surveillance and
INT 3 reconnaissance MOP 19- MMOD MMOD MMOD=1 MMOD=4
LOG1 | Conductunderway replenishmen{ Required in All Designs
Transfer/receive cargo and
LOG 2 | personnel (CONREP) Required in All Designs
Provide airlift of cargo and
LOG 6 | personnel (VERTREP) Required in All Designs
Provide upkeepnd maintenance
NCO 3 | of own unit Required in All Designs
NCO Conduct maritime law
19 enforcement operations MOP 2- ASUW ASUW ASUW=1 ASUW=3
MOP 13-Vs LtoB LtoB=7 LtoB=4
MOP 13- Vs LtoD LtoD=11 LtoD=12
MOP 13- Vs BtoT BtoT=3.2 BtoT=2.8
MOP 13- Vs PSYS PSYS=1 PSYS=8
Conduct Naval Surface Fire
Support (NSFS) operations MOP 18- GMLS/NSFS/STK GMLS/NSFS/STK| GMLS/NSFS/STK=1 | GMLS/NSFS/STK=4
Detect and Engage Hostile
Ballistic Missiles MOP 18- GMLS/NSFS/STK GMLS/NSFS/STK | GMLS/NSFS/STK=1 | GMLS/NSFS/STK=4
MOP 1- AAW AAW/BMD AAW/BMD=1 AAW/BMD=4
Conduct Long Range precision
strike operations MOP 18- GMLS/NSFS/STK GMLS/NSFS/STK| GMLS/NSFS/STK=1 | GMLS/NSFS/STK=4

Table 19- MOP Table

MOP# | MOP Goal Threshold Related DV
1 AAW/ BMD AAW/BMD=1 AAW/BMD=4 AAW/BMD option
C4l=1 C4l option
2 ASUW/ NSFS ASUW=1 ASUW=3 ASUW option
MMOD=1 MMOD=4 MMOD
LAMPS=1 LAMPS option
C4l=1 C4l option
3 ASW ASW/MCM=1 ASW/MCM=3 ASW/MCM option
MMOD=1 MMOD=4 MMOD
MMOD=1 MMOD=4 MMOD
LAMPS=1 LAMPS option
C4i=1 C4l option
4 C4ISR C41=1 C4l option
5 STK C4l=1
GMLS
7 IR SPGM
8 NBC Ncps=2 Ncps=0 CPS option
9 RCS VD=140,000 VD=200,000 Deckhouse volume, ¥t
10 Seakeeping an8tability HullTYPE=1 HullTYPE=0 LBP 480630 ft
LtoB 7-10
LtoD 1115
BtoD 2.83.2
11 VUL (Vulnerability) Cdmat=1 Cdmat=3 Ship material (Steel)
12 Vs (Sprint Speed) 35 30 | knots
13 Ts (Provisions) 75 60 | days
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14 Es (Enduranceange at 18 kt) 8000 4000 | nm
15 Acoustic signature SPGM
16 Magnetic Signature Degaus=1 Degaus=0 Degaussing
17 Modularity for VPG
18 Modularity for Replacement
19 MMOD MMOD=1 MMOD=4 MMOD

OMOE Hierarchy

T Goal: Maximize OMOE
- M MISSION - SAG
™ Warfighting

W MOP1 - AAW/BMD

W MOP2 - ASUW/NSFS

W MOP3 - ASW/MCM

W MOP4 - STK

W MOPS5 - CCC/ISR

W MOPS6 - Modular Upgrade LC Warfighting Impact

- I Mobility

W MOP?7 - Sustained Speed

1 MOP8 - Endurance Range

= MOPS - Provisions Duration

¥ MOP10 - Seakeeping

W MOP11 - Modular Replacement LC Availability Impact
W MOP12 - Surge

B Survivability

W MOP13 - Vulnerability

™ MOP14 - NBC

W MOP15 - RCS

M MOP16 - Acoustic Signature
W MOP17 - IR Signature

W MOP18 - Magnetic Signature

+ EMISSION - CSG
= B MISSION - BMD

Figure 31- OMOE Hierarchy
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Figure 34 - Value of Performance Function for Sprint (Sustained) Speed

3.4.2 Overall Measure of Risk (OMOR)

The risk inherent in a particular design is something that is very important to consider in the design of a ship.
Depending on the desires of the customer, a higher level of risk may be desired in order to achieve advanced
performance metrics. On the other hand risk may need to be minimized in order to provide the customer with a
safe and proven design. This risk is defined as the product of the probability of the event occurring and the
consequences of that event occurring. hEat these measures is on the scale of from 0 to 1, with 1 being a
certainty and 0 being impossible. Detailed metrics for analyzing the probability and consequence values are found
in Table20andTable21 respectively.

There are three types of risk: performance, schedule, and cost. Performance risk takes into account a
component othe design not being able to perform up to the promised standards. Schedule risk accounts for a
delay in the timeline of production of the ship or its components which could lead to other risk events. Cost risk
takes into account components of a shimgenore expensive than originally promised. An equation for summing
these risks has been developed and is called the overall measure of risk. This equation, seen below, gives a
guantitative measure of just how risky the design of a ship is. It wadasdedelop the risk register for the MSC,
which can be seen belowTrable19.

OMOR=W

peerZ

PC +W,

cost

Zw P.C, +WchedZWkP C,
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Table 20 - Risk Register

. Related DV DV . . Event . . .
SWBS | Risk Type DV # Options | Description Risk Event Ei 4 Pi Ci Ri
Does not meet
Podded perfqrmancg TLRs
2 Performance DV9 3 Propulsion specifically in 1 0.7 | 0.7 | 049
P vulnerability to
underwater shock
2> | Performance | DV7-11 | 6,7,3,2,2 | Integrated | Does not meet 2 |03 06| o018
electric drive performance TLRs
2 Schedule | DV7-11 | 6,7,3,2,3 | 'ntegrated | Schedule delays 3 |03] 03] 009
electric drive impact program
Intearated Development and
2 Cost Dv7-11 | 6,7,3,2,4 grated acquisition cost 4 0.3 | 06 | 0.18
electric drive
overruns
2 | Performance | DV11 2 Prop Motor | DO8S not meet 5 | 05|04 02
performance TLRs
2 Schedule | DV11 2 | prop Motor | Schedule delays 6 | 05| 04| 02
impact program
Development and
2 Cost DV11 2 Prop Motor acquisition cost 7 03| 04 | 0.12
overruns
4 Performance | DV21/23 3 AGS Primary | Does not meet 8 04 | 05 0.2
gun mount performance TLRs
4 Schedule | Dv21/23| 3 |AGSPrimary | Schedule delays o |03 0350105
gun mount impact program
. Development and
4 Cost DVv21/23 3 AGS Primary acquisition cost 10 0.3 | 0.65 | 0.195
gun mount overruns
7 | Performance | DV19 1 |Automation | Does not meet 11 | 04 |045| 0.18
Factor performance TLRs
7 Schedule | DV19 1 | Automation | Schedule delays 12 | 0403|012
Factor impact program
. Development and
7 Cost DV19 1 |Automation o isition cost 13 | 04| 07| 028
Factor
overruns
Does not meet
7 Performance DV20 3 VSR performance TLRs 14 04 | 04 | 0.16
7 Schedule | DV20 3 | vsR Schedule delays 15 |03 |05 | 0.15
impact program
Development and
7 Cost DV20 3 VSR acquisition cost 16 04 | 05 0.2

overruns
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Table 21 - Event Probability Estimate
Probability What is the Likelihood the Risk Event Will Occur?

0.1 Remote

0.3 Unlikely

0.5 Likely

0.7 Highly likely
0.9 Near Certain

Table 22 - Event Consequence Estimate

Consequence Given the Risk is Realized, What Is the Magnitude of the Impact?

Level Performance Schedule Cost
Minimal or no impact Minimal or no impact Minimal or no impact
Acceptable witrsome Additional resources required <5%

0.3 S :
reduction in margin able to meet need dates
Acceptable with significani Minor slip in key milestones; 5-7%
0.5 S )
reduction in margin not able to meet need date
0.7 Acceptable; no remaining | Major slip in key miestone or 7-10%
' margin critical path impacted
0.9 Unacceptable Candt achieve >10%
' major program milestone

3.43 Cost

The cost model used is a weight based cost model. The model takes the SWB® 1@fights as inputs,
along with crew size, enduran@peed, engine power, fuel consumption, propulsion system, and materials.
Inflation rate, a base year, total class size, and the rate of procurement are used to predict follow ship acquisition
costs and total lifecycle costs. An inflation factor is clamd from the inflation rate and the base year.
Complexity factors for the SWBS groups are calculated based on design variiiese complexity factors relate
the relative complexity in design and construction of the chosen equipment to the completkiey design
variables that the estimate is based off NEw technologies have higher complexity factors compared with proven
designs and equipmenand the relative complexity of a system declines with tinleach SWBS weight is
multiplied by the comiexity factor and the cost estimate from the empirical data. The average cost per ton for
SWBS 106700 groups is multiplied by the margin weight and added to the SWBS@&D@osts. This gives the
basic cost of construction of the lead ship. Added i® &ne other acquisition costs, including profit for the
shipkuilder, change order costs, government costs, outfitting costs, and payload costs. The government cost is a
percentage of the weights for the payload, based on an estimate of the payldaa goaetnment furnishes. The
government cost also includes costs for government provided hull, mechanical and electrical equipment, and the
outfitting costs to install the equipment and payloads. A delivery cost is added to the overall cost, givtaj the t
lead $ip acquisition costFigure35 shows a hierarchy of the lead ship acquisition cost.

Follow ship costs are based on the SWBS-100 costs from the leaghip, adjusted for inflation to the middle
year of production. Added to this are significantly reduced SWBS9800costs to reflect the lower requirements
for design and engineering support work for follow ships. These costs are reduced slightlyyfdolexe ship to
reflect the learning curve that occurs as shipyards build the same design repeatedly and make improvements in
construction techniques. Similar additional costs are added as for the lead ship to reflect the government provided
equipmentshipbuilder profit, and delivery costs.

Life cycle costs can be determined by multiplying the annual costs for fuel and magrreglife of the ship
and a factor that reflects the time value of money; money now is worth more now than money in tlg fudttte
now. This gives an operating cost that can be added to the acquisition cost to give the lifecycle cost.
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Total Lead Ship
Aquisition Cost

Total End Cost ‘

Post-Delivery
Cost (PSA)

[

Government
Cost

Shipbuilder
Cost

Other Support Lead Ship Price

f—%

Basic Cost of Profit
Construction (BCC)

Change Orders

Program Manager's
Growth

Payload GFE

Margin
HM&E GFE Cost
Integration and
Outfitting Engineering
Cost -
Ship Assembly
and Support
W
CWIDC Fantn

Figure 35 Lead Ship Acquisition Cost

IIIIIID

3.5 Multi -Objective Optimization

The multiobjective genetic optimization (MOGQ®J the synthesis model was performed in Model Center,

specifically the Darwin genetic algorithm. The MOGO consists of three components: objectives, constraints, and
design variables. Objectives for the optimization are the total overall cost (CTOC)| oeasure of risk

(OMOR), and overall measure of effectiveness (OMOE). The total overall cost and overall measure of risk were
minimized while overall measure of effectiveness was maximized. The constraints of the optimization were defined
as the error factions of the feasibility module. The design variables were primarily the inputs for the synthesis
model; consisting of continuous variables such as, overall length, beam to depth ratio, coefficient of manning, and
also discrete variables such as weapundule, sensor module, and anti aircraft warfare type. The tolerance must

be adjusted for the continuous variables in order to obtain the correct amount of discrete choices. The objectives,
constraints, and design variables used in the MOGO are shown ingtogure 36.

ariable | Type I Walue I Single Analysis I Lower Boundl Upper Boundl
MSCWVWPTH. SCInput Ll continuous 199.43 1650 160.0 2100
MSCWVWPTH. SCInput LioE continuous 5.008 3183 T.0 100,
MSCWWPTH. SCInput LoD continuous 12.796 11.425 11.0 140,
MSCYWPTH . SCInput BtoT continuous 31336 31154 29 32,
MSCYWPTH. SCInput Crd continuous 0y277 07112 0.6 0g,
MSCWWPTH SCInput WD continuous 122760 7997 0 10000.0 15000.0
MSCINPTH.SCInEJLﬂ.CMan continuaLs 06232 0.9475 035 10,
M=COWPTH. SCInput PG dizcrete 2 1j
MSCWPTH. SCInput SPG dizcrete 4 1;|
MSCOWPTH. SCInput DISTiype dizcrete 1 1j
MSCWWRTH. S CInput Phibd dizcrete 1 1;'
WMSCWWPTH . SCInput PROPEype discrete 1 1j
M= CWWRTH. SCInput. T discrete a5 EDd
MWSCWWPTH SCInput Meps discrete ] D;I
MSCWPTH. SCInpuE . A8 dizcrete 4 17
WS CVWRTH. SCInput ASLVY dizcrete 2 1;'
MSCVWPTH . SCInput A5 dizcrete 4 1j
WS CWWPTH. SCInput CoC dizcrete 2 1;[
MSCWPTH. SCInput GhLS discrete 3 1j
MSCWPTH.SCInput LAMPS dizcrete 2 1j
MSCWPTH. SCInput MISWMOD dizcrete 2 1;|
MSCWPTH.SCInput C4MoD discrete 3 1ﬂ
MSCWPTH. S CInput HWMEMOD dizcrete 3 1;|
MWSCWPTH.SCInput HABMOD discrete 3 1ﬂ
MSCWPTH.SCInput WEAPMOD  discrete 1 1d
MSCOWPTH. SCInout SERSMOD discrete 2 1=



MSC Designi VT Team 1 Pageb5

Figure 36- Design variable table from Darwin genetic optimizer

Constraint Value Lower Bound I Uppet Bound
MMECWRTH Feasibilty Eta 04735685 001 1.0 -
MSCOAWPTH Feasibilty Evs 0058759116 001 1 .0E30
W=CWRTH Feasibility Egmmin 033103525 0.01 1.0E30
MSCWPRTH Feasibility Egmrmax 02801054 001 1 .0E30
MSCOWPTH Feazibilty Ee 1749914 001 1 'DESDLI

Figure 37- Constraint table from Darwin genetic optimizer

Objective iralue Goal
S CWWPTH. SCCost CTOC 3075273 minimizeLI
M= CWWPTH SCRisk OMOR 01246637 minimizeLI
MSCWWPTH SCOMOE OMOE 04770024 maximize;l

Figure 38 Objective table from Darwin genetic optimizer

The tables above show upper and lower bounds for the constrairdesigd variables. The constraints have a

lower bound near zero, a small but rero number works better for the optimization. The upper bound is
somewhat inconsequential. The upper and lower bounds for the design variables were set at reasonable margins
higher and lower than the synthesis model values. The optimization parameters are then set for population size
(150), preserved designs (50), convergence method (50 generations w/o improvement), and mutation probability
(.02). The optimization was saved dimked to the model and then ran.
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DOptimization Parameters

$Optimization | output | Design Seeding |

[ Autarmatically Select Optimization Pararneters

~ General

Selection Scheme IMuItipIE Elitist 'l

Population Size z DDi’ [V Use Memary?

Preserved Desians SDﬁ
Seed Yalue I 0 (Random= 0}
- Cohvergence

Maximum Generations 1, DDDﬂ

Caonvergence Method |Generations win Improvement ;l

50

Minimum % Change of Pareto Population Required For Improvement I a. 13:

~ Genetic Operatars

dliscrete continyons
Crossover Probablility 1ﬂ Crassover Probability
Mutation Probabiity 0.0z ::I Mutation Probability

.15

thes

- Constraint Tolerance
Max Constraint Vidlation 0, DSﬂ

Percent Penalty o. Sﬂ

(o4 | Cancel Restore Defaults

Figure 39- Optimization parameters settings

3.6 Optimization Resultsand Initial Baseline Design (Variant XX)

The

optimization generates a

forms a nordominated frontier that can beastin in Figure40 below.

p o p u Ina Thie populatioh of @eBighs d esi gns
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Figure 40- Non-Dominated Frontier

The data explorer was opened and shows the 50 best designs in tabular format. Each design can be looked at
individually for its structure, modul arity characteri si
The designs can be viewed iDasign Variable scatter plot in order to access the population for characteristics.






































































































































































































































































































